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Self-seaied bearings simplity 


design...cut maintenance costs 


New Departure originated self-sealed ball bearings to elimi- 
nate the most common causes of bearing wear and failure 
such as abrasive dirt.and improper lubrication. Since then, 
more than 300,000,000 New Departure sealed bearings have 
been produced in various types to fit the specific requirements 
of industry. Seals are available to keep out foreign matter, 
ranging from dust and dirt to corrosive gases ... to retain 
lubricants, varying from heavy grease to light oil . . . to 
provide the protection that assures longest life. 


New Departure’s latest advance, Sentri-Seal, embodies exclu- 
sive features which importantly improve both bearing per 
formance and range of application. Because of its design, 
Sentri-Seal provides controlled, highly efficient sealing with 
low torque and is not materially influenced by axial move 
ment due to bearing end play within prescribed tolerances, 


Sealed ball bearings offer the electric motor 
and machine tool builder many advantages 
They simplify desigr make it possible to 
mount motors in any position, cut maintenance 
to a minimum, and eliminate the need for 


relubrication for mg periods of operation 


WRITE FOR COMPLETE INFORMATION ON 
NEW DEPARTURE SEALED BEARINGS! 


NEW DEPARTURE e DIVISION OF GENERAL MOTORS CORPORATION « BRISTOL, CONN. 
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Why Bodine motors Res oe = i a 
were selected | 


for Bruning | 


Copying Machines 





This is a new desk top copying machine. It's 
called the Bruning Copyflex. It will make 300 BODINE MANUFACTURES s 


copies an hour at less than 2¢ a copy FRACTIONAL HORSEPOWER 


ELECTRIC MOTORS FOR 


adding machines 
letter opener: 
sander 

vending machines 
exhaust fans 
duplicating machine: 
portable tools 


sound recorder 





or conditioners 


check protectors 


the Copytilex because no stencils, no negatives 


This neat, well dressed young lady is fond of She can grind out facsimile copies of letters 
invoices, reports practically anything typed 


or no messy inks are needed written or printed...in just a matter of seconds pre 

voltags regulator 
x-ray timers 

traffic signal timer: 
tirrer 

calculating machine 


envelope sealer 


diesel governor 


and for many othe 


applications 





As you might quess by now. the Bruning Copy This is Mr. John P. Arndt, Works Manager for 
flex is powered by a Bodine motor. This is it the large Chicago factory of the Charles Brun 
a type NSH_11K ball bearing, reducer motor ing Company 
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fractional bi-monthly publi n 
horsepower 
MOTORS discussing application and 
design of fractional horse 
power electric mot 
Considering that the motor is the heart of the Be sure your motor is as good as your product 
product, Mr. Arndt’s reason for using Bodine For information contact Bodine Electric Co 
motors makes good sense see above 2256 W. Ohio St.. Chicago, Ill 
' ‘ A 
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in This issue 


Nuclear Research Horizons. Whial is the significance 


of nuclear research and commercial deve opments on the 


broad peelrum of electrical and electronic components 
Research Hori 
Zon department (turn lo page 6) leads off with some 
on-the-spot motes of the International Atomic | osition 


ind on basic materials? This month's 


PVR. Precision 


precision potentiometer have become big business in 


variable resistor otherwise known as 


the last few years. Precision potentiometer manufacturing 
did not exist in any appreciable form until just a few 
yea avo and now atl least 2 ) COM pane Ss “are engaged iti 
their manufacture. The demand has been brought on by 
the rapid) development of the servo, computer and 
telemeterineg fields \. usiuet increased, the need for 
tandard definitions and terminology became very evident 
Limits of precision had to be defined in terms of devia 
tions from linear or non-linear response. Last April the 
National Aireraft Standards Committee of Aircraft In 
dustries Association of America, Inc., approved standards 
md they are included in the review of available types 
ind their characteristy and limitations, by Stephen 


Scantzoulis and Saul Liss beginning on page 54 


Evaluating Motor Insulation. Whiat makes a motor 


; 


live? The anewer is, its insulation system. Any evaluation 
of motor insulation performance is therefore a study of 
motor life expectancy, But the problem has been to cor 
relate test methods with field conditions. All targets have 
consequently been set for the development of test methods 
that would approach as closely as possible the actual 
conditions of motors in service operation 

Lhe motorette unit developed several years ago, and 
ince included by the ALEE as a basic test model in its 
lest Code 1C, is a flexible means for simulatine any 
desired motor insulation system. On page 62, EK. L. 
Braneato and R.S. Phillips, Naval Research Laboratory. 
discuss some of the problems still to be solved in’ the 
use of motorettes, and present the results of thermal 
aging data on three Class A insulation systems. derived 
from one phase of a wide-range continuing test program 

This is type of data that has a practi al value in any 


design job where a motor has to be specified 


Grid Control of Thyratrons. This month we begin a 
series of several articles by P H. Chin and E. E. Mover 


cataloging and describing about 100 proven and tested 


6 


circuits for grid control of thyratrons. The articles came 
about as a result of a long and devoted study of the 
thyratron and its industrial applications. The survey ts 
so complete that it should aid any designer who con 
templates the use of the thyratron in his equipment. He 
will be able to examine these grid control circuits side 
by side, selecting those that meet. or come close to meet- 
ing, his particular needs. Even if a specifi erid-control 
proble m is not covered in detail in the series, the designer 
will probably find one or more solutions that hit the 
Thereafter, it becomes a task of 


combination or modification. With such a mass of data 


mark pretty closely 


on hand, rarely will the engineer be forced to start from 


scratch in the design of a grid-control cireuit, page 68 


Efficient Sphere. “Make it any shape you want as long 
as it is based on sound engineering principles and is 
distinctive.” What design engineer wouldn't jump at the 
opportunity of trying to meet a design objective as broad 
as that? We assume that was the hypothetical order given 
Hoover engineers when they set out to create the new 
Constellation model vacuum cleaner. Their ultimate shape 
concept was a sphere a geometric object that encloses 
the greatest volume of usable interior space with the 
least amount of surface material. A neat solution and 
different. It simplified the throw-away bag problem. But 
the real “sticker” was how to keep the noise level down 
while at the same time increasing motor horsepower 20 
per cent and air flow with it. A lot of factors were in 
volved in attaining 25 per cent reduction in noise level, 
as‘a study of executive engineer Seck’s article beginning 


on page OS will reveal 


Printed Wiring Design. lrinted circuits have been more 
aptly described by the purists in this field as “graphic 
art circuits,” since a variety of techniques other than 
printing is used in the preparation of the masters for the 
basic printed wiring boards. But whether you £o along 
with the purists or are happy enough with the popularly 
accepted terminology, one thing is certain: A finished 
printed wiring board is only as good as the original art 
work used in making it ready for production. Design 
requirements, problems of production quantities, toler- 
ances, costs and other factors have to be considered prior 
to designing the circuit, and in turn related to the best 
possible produc tion method. Two IBM sper ialists, W. H. 
Klippel and EK. J. Lorenz, give vou the benefit of their 


experience in the article beginning on page 6 
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Ubiquitous Metals. | hi Importance of metals in the 
design of electrical and electrically ope rated products Is 
the theme of this month’s cover. In the field served by 
ELECTRICAL MANUFACTURING, metals are more than struc 
tural elements in design. They serve as magnetic materials 
in the form of electrical steels used in transformers and 
motors and in the form of more complex magnetic alloys 

both hard and. soft See “Effects of Processing on 
Magnetic Alloys,” page 110.) They serve as conductor 
materials like copper and aluminum and in silver and 
rarer metals in electrical contacts, In the structural realm 
die castings zine, aluminum and magnesium — find a 
wide market in electrically operated produ ts, particularly 
appliances and business machines 

Powder metal parts and precision castings fill niches in 
the production of small mechanical parts: gray iron cast 
ings and weldments carry the heavy loads on industrial 
machinery. Sheet metal stampings in both ferrous and 
nonferrous metals find wide use in housings. as well as 
for functional parts like the aluminum bowl on the fruit 
juicer pictured on cover. lower left. Coated metals find 


i plac e too 


Magnetoresistance. Researchers continue, at an accel 
erating rate, to come up with ideas for designers to use 
in new produc ts. Very often these ideas are outgrowths of 
old discoveries rele gated to limbo until they were made 
useful by the development of suitable materials. One of 
the latest of these is the phenomenon of magnetoresistance 
in which the electrical resistance of a material may be 
changed under the influence of a magnetic field. Such 
materials may be used in control circuits of various types 
and in transducers. The basic principle was discovered 
by FE. H. Hall in 1879, antedatinge the discovery of the 
Edison effect. the basis of electronic tubes. by several 
years. The Hall effect, migration of electrons within a 
conductor due to a magnetic field, may well be put to 
practical use because suitable materials are now availabl 
In their article starting on page 79. R. K. Willardson and 
A. ( Beer tell us about maenetoresistance and how it 
might be pul to work 


Permanent-Magnet Synchronous Motors. Irom thy 
standpoints of operating efliciency and power factor, no 
electric motor approaches the d- excited synchronous 
machine For this reason, it is widely employed in the 
larger ratings. But, designers of equipment requiring less 
than 20 or 30 drive hp find it hard to get exe ited about 
because it is de 


the d-c excited synchronous motor 


excited. So, they have looked to the hysteresis and reluc 


lance types when synchronous speeds were desired, Like 
the bigger machines, the latter run at constant speed 
but there the similarity stop They are not as good 


eth wney ol powe I | relor-wise Then someone dee ided lo 
attempt to capture in smaller ratings the characteristics 
of the d-e excited jobs by substituting permanent magnets 
for the electromagnets. Seems like a logical approach, 


does it not? To see if this worked out turn to page 38 


Computer-Prepared Numerical Data. |)robably th 
most interesting machine tool on today’s industrial scene 
is the Giddings & Lewis numerically controlled skin mill 
This machine represents one of the first commercial 
applications of magnetic-tape control. The latter is based 
on much the same principles as those employed in 
magnetic sound recording. However, in place of musical 
data, the tape carries numerical information. The machine 
application features another mayor departure from sound 
recording practice in that the equivalent ol an orchestra 
is not required Here 1 computer 1s employed to convert 
parts-drawing data into machine-control data, ready for 
recording on tayo It is not necessary to make a sample 
piece or “dry run” before the recording is made. If 
comparable computer technique +s were applicable to the 
sound field, this would be tantamount to going from musi 
on paper to music on tape without the need for a Benny 
Goodman or a Toscanini in between. This is not at all 
feasible now, but perhaps Jim Petrillo should read this 
article as should all designers of equipment subject. to 


the new catehword numerical control. Pawe Op? 


Magnetic Alloys. har reaching improvements and = in 
novations in the design and manufacture of electrical 
products await the availability of new metals and metal 
lurgical processes. Manufacturers of electrical equipment 
have upported extensive metallurgical research and «te 
velopment programs for many years and have long ree 
ognized that new metals and processing techniques ie 
the keys to many product development problems 

In the past, a great deal of research effort has been 
expended on the creation of new soft magnetic alloys and 
the improvement of alloys already in existence. This work 
is paving off, but too much time is required to brin 
developments out of the laboratory into production, The 
major reason for this is that too littl emphasis has been 
placed on pilot development work. The pilot plant, if 
properly designed and staffed. can rapidly reduce new 
mventions and ideas to practical application the pa off 
of the investment in research 

All of these facts were aptly brought home at the oper 


ny of the Westinghouse Electric ¢ orporation s new metals 


plant it Blairsville Pa. A i demonstration of how labora 
tory magnetic materials are being put to work at this me 
facility we suggest you turn to Robert HL Vr pp intitle 
on page LLO 

d 





Research 
Horizons 


International ile meter, specifically designed 
Atomic Exposition 


, nobile reactors in atomic-powered 
ome familiar electrical n icluring 


amin iarine and aircraft 
ich as Allis-Chalmers, Bendix © The 
A. bdison, Inc., General Elec 

ivania. Wagener Flectric. Weal a ee hines and equipment has shown ste 
ind We ' 


tor NOTE mong the rowth in the past two or three ve 
International An 


ihien eld in) Cleveland 


throug! lf 


ipplication of radioactive 


trol device in various types of 


exhibitor the ittention-getting exhibit was 
cigarette-making equipment designed 
y American Machine & Foundry for 


In titute ‘ i e . Phillip Mort 
rrantiy. 3 . de 


inder por 


and employing a beta 


for densit control of 
tobaces 


+ What about the 


heavier equipment 


motor transtormers contactors 
| ! ait ne at » 


tchgear? Obviously, here is a_ big 
ngineering 


narket, but not necessarily a 100-per 
CAR TS Atomic Power Plant of the Near new market in terms of de 


ivn 
Future: Panoramic model of 180, requirements except where sometl 
00-kw plant that General Electric 


hing 
pecial such as a “canned” pump motor 
will construct for 


Commonwealth is needed. | entially, this atomi 
bidison neat (hicageo \ 200-11 


ergy market 1 in extension otf the 
phere will house the (.-b dual 
unced 


existing market for power equipment 
vele boiling water reactor and a 


! « ne a } 
exhibut turbine-generator Completion tar manutacturer Phi I illustrate 


ret is 1960 the followin part il rundown of power 
! to industrial needs.” ' 


‘ equipment uppled I A \lis-Chalmers 

pertinent, therefore, to a Si i Experimental Boiling Water 

plant being built near 
ne National Labo 


imsothve aprpodae 


ich development iffect 
omponent that comprise tlhe 


il manufactur ir installations i 


ha thi on nlie ! ’ As one observe 
resume to provide a detaile moving right off the 


But some observations ire the items listed b 


ml 


ist provocat ‘ 


“Electrical measuri Mi 
vbiibits of reactor model ind 3 i tt 


recordet controller R 
n provided convince in pros 


instru Main 


i af women energy plant anplifier Indoor 


and outdoor switchgear 
' anes aie 
power generation | close other hand special-purpose Hermetically sealed 


i that of the Newport m and devices will open ; heation system 


ind Dry Dock Com ine! gly 


ht into toc 


pumps for 


n ‘ lag t lator 
important market and 
vill IIL pase ew ¢ on nyvineering re . 
power prog 


for example @ What about basic materials and com 
nercial ve el Davstrom 


‘ ron innounced = a ponents? In this area we 
@e VMarket-wise bnsteiuene thor i omplete roup oO 1 ist i 


orizes 


quirements, One 


iv expect 
ind ome radical advancements. Some cor 


feel the biggest Impact 


be 


izes contre rument ventional materials such is stainless 
leve lopments But net i] ! j tru 


ctor control purpose In steel, assume a position of extreme im 
nentation has to be o ' i ‘ ‘ 


runt portance owl to the excellent resis 





The Bearing That Wouldn’t Wear Out 
125 years* service without adding a drop of oil 


bien ind tire ‘ 


Dut Beann ‘ bsor 
ly OUTER. bear 


ricatin 


An OLE 


halt attic 
individual 


i bearing last? 
ertical han Hea [ut 
He subjected a fan ing ire (Cha 
i lard bearing ire 


rin requirement 
il dealer stock Also core bar 
from to 15 


red to meet 


How long will 


makin 


tomer large 
iVailable 
pl ile 


thie in 
OLLIE bronze flange be 
elerated § Iife test equi tlent to ’ from lo 
Lhe lé it dist ind trip ranping tt 
().1) 


Phroughout 
OF OF a 1.1). and 1” to 1 
Amplex and 


Vanted to knov 
equipped Vitt in 
n 


in 
ear ol er we i 
Not one lrop 


ind smoothil \ 
Ihe enpineet! 
metal 


quiet 

howed no pparent i 
(chr ley unmatel powder 
ou vith 


capillar ittrac 


ositi industr ire J a oul 
( rie port er we 


the urface Insure p 
tv riny oblem aor ) 
A ‘ or the 


Particularly good in trouble 
ible ult 


OLE bearing hold oil b 
tion. Onl film on 
onstant lubrication 
Nhere lubrication t 


l cushion 


difficult or impo 


OILIMWTk Hea engines 


irea 
Phe built-in o1 


o1 
belles a 7 
Ted Petey Pen 


CHRYSLER AMPLEX PRODUCTS 
OILITE Bearings Finished Machine 


Metal Filters Friction Units 
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tance to radiation 

mium, beryllium 

of major importance. Zirconium and 
titanium are bhasix imong the newer! 
metal New materials are needed such 
as electrical insulation able to with 
tand both extremely high temperature 
and high-energy radiation effect 
© Paper ranged from discussion of 


I idiot otope ind trace! 


technique 
to exploration and production of radio 
active mineral Of pariicular interest 
io reader of thi publi ition were the 


everal paper on instrumentation and 


on radiation effect ) basic material 
Intensity of study in the latter field wa 
ghlighted in a paper by F. A. Pecjal 
ind K. H. Sun, Westinghouse Eleetris 


Literature Resources on the Radiatior 
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Effects of High Polym Same 204 
paper ind article i! 
“Impact of High-Ener 
Dieleets LM 6 


listed (see 
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Pile-Type 
Battery Design 


construction is the feature 
i new ilver oxic ne battery ce 
Ameri in Machine A 
Foundry Company En 
lor it Raleigh, N. ¢ under contract 
with the Rone Air Development Cente: 


veloped by thre 


ineering Labora 


In this construction. each 

individual battery whicl 

cell action caused by con 

cells through the electrolyte. With thi 
type of construction an individual filler 
hole per cell i required. In a dr 


charged condition cell are capable ot 


helf storage for months 
The pile-type designs have been made 
izes of O11, 3.0. and 12.0 amp-hi 
largest shows a yield of over 
ind W in per cu 
ene perlormance are 


tained down to 32 I 


What Color 
Will You Have? 


(nder the impact of Frosty Blue re 
frigerator Pink Rapture freezer 
Languid Lavender toasters, not to men 
tion omewhat more restrained color 
appellations, you are probably by now 
color-unconsciou If you think the 
ing traternit i going to run 
lush or exotic color names, dont 
Phere are some 7500 individ 
ial color mame ised om of 
known to. the variou field 
ience and industr 
gel 
i cop ot the new National 
Standard Circular oD 
otherw ow! i The Isc NBS 
Method f Designating 
Dictionary of Color Names.” and find 


ut that no matter how a color is com 


Colors ind 


mercially deseribed, there i perfectly 


ober and 


tion for 


cientific color lem nota 
it. For example, if suddent 
oure taced with a. refrigerator i 
nk Rapture, just shrug your shouldes 
murmur nonchalantly “Oh 
chere Color System. ISCE-NBS color 
lesivnation ir 201, 8 min i trot 
eddish purple 
Author of thi dictionar ive the 
internationally known color authoriti 
Kenneth | Kelly and Deanne B Judd 
hoth of NBS Cop are $2 each tro 
yovernment Printing Ofhee. Wash 
on > 1) ( (The 


ISSCC. refers to the Inter-Society Color 


ibbreviation 
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Research 
Allocations 
ty proyect covered by the 


6 allocation Tie engineering 


Foundation for engineerin research 


Available grants representing income 


from a $1.5 million fund total some 


SO? OOO ind = will help to advance 


project which alread receiving 


estimated upport trom oo ource 
for a total of $426,000 

Among the most ignificant project 
upported is a joint program of the 
ASME and the ASTM for testing effect 
of temperature on properties of metal 


Phi the thirty-first vear of this pro 


Research-Type 
Pressure Resistor 


\ variable resistor that utilizes a pres 
ire-sensitive powdered resistance ma 


terial tid te withstand temperatures 


up to 600 C is now being made onh 
for research purposes by Celab Ele 
tronic Laboratories, Sacramento, Calif 
on license from Clark Electronic Lab« 
ratories, Palm Springs, Calif. Resistor 
is spring-controlled with a compressor 
rating determined by its desired tune 
said to be extremely fast 
thicknes 


ind pressure, corresponding to current, 


tion. Action 1s 
Design variables are irea 
oltage and resistance respectively. For 
example, a volume of the material in 


diam and e-in. thick, between twe 


metal terminals. will vary after origin: 
compression from a resistance of several 
megohms to nearly zero with a 12-1I 
differential in’ pre ire 
The resistor ma bye ipplied i il 
nterrupter device uch as a switch or 
circuit breaker Broad range of res¢ ire} 
ipplications suggested for study al 


include potentiometers dynamometer 


iltimeter pre ure gages and inverter 


AEC Patents 
Released 


Potal of patents and patent application 
released |) thre \tomi 


i non-exclusive rovalt tree 


Ienerg Clon 
mission oF 
hasis has now reached 804. The current 
list of ih patent covers ‘7 items 
many them relating to potope epa 
rating 


No P10 


in interesting electromag 


Among the other patent 
138 describe 
netic pre ure gage in which pressure 
is indicated by the amount of current 
required to maintain a pressure equal 
ind opposite to the pressure to be 
measured, An electromagnetic pump 
i provided ! which in end of the 
pump inlet tube closed and the other 
end of the outlet tube is open and im 
mersed in liquid metal in a chamber 
thre pre ure of which is to be measured 
The pump arn ire current enters the 
nlet tube and ve the pump b the 
outlet tube ihe resistance will i 
dependin pon the extent of the on 


tent of liquid metal 


All-Magnetics 
Computer 


Described as the first high 


tronic 


peed elec 


computer utilizing magnetics 


throughout,’ i new device imnounced 
by the Remington Rand Division, Spert 
Rand Corporation eliminates all fil 
ment tubes in favor of magnetic ampl 
fier elements. Nor are any transistor 
circuits utilized. These magnetic ampli 
fier elements have been specially de 
veloped by Remington Rand for thi 
ipplication and are said to provide 
curate perlormance at temperature 
from 60F to 4-220] 

Prototype of the new computer Wii 
completed last June full production 
is slated for early 1957 


—A. E. J. 
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PROVEN IN VOLUME USE! 





Widespread Acceptance ...users report these 


advantages over conventional glass wire: 


a 
1. Improved adhesion, flexibility and toughness 
with consequent reduction of damage, breaking or 
fraying during winding and assembly. 

2. Reduction of end taping or extra insulation 
due to improved properties 

3. No unraveling —adheres even when hot during 
tinning of leads. 

4. Greater safety factor— positive inorganic spacing 
between turns provides reliability, protection 
against overloads. 

§. Excellent uniformity—reel to reel_-end to end 

6G. Over-all savings in winding no loss of performance. 

‘ 


Any time magnet wire ts your problem consult Phelps Dodge 


for the quickest, easiest answer! 


PHELPS DODGE COPPER PRODUCTS 


CORPORATION 


INCA MANUFACTURING DIVISION 


FORT WAYNE, INGIANA 





automation 
inaction 


EXAMPLE: 


SYNCHRONIZATION 






















Speed of “master” Varidrive is set to desired speed 
of material. The floating or dancer roll in this 
process maintains a constant tension. Movement 
of dancer roll signals “slave” Varidrive to produce 


proper speed for take-up material 


Accomplishing Automatic Control with 


YVARITROL as a component of 
the U. S. VARIDRIVE 


By controlling motor speeds with the Varitrol as a component 
of the U. S. Varidrive motor, speeds can be automatically 
changed in response to a signal without human attention for 
precision-control operations. Above is shown just one of the 
many ways in which Varitrol automatic control of U.S. Vari 
drive motors can be used for automatic production control 
Varitrol applications obtain efficiency and economy in indus 
trial processes through outstanding savings in processing 


material, fuel and labor costs 


ADAPTABLE FOR A VARIETY OF DUTIES: 


Constant Pressure Multiple Motor Control Speed Control 
Proportional flow Filter Control Rewind Control 
Constant Liquid Level Machine Tools Constant Flow . 
Program Control Constant Cutting Speed Constant Temperature i 
ag 
Send for Information —8 Page Full Color Booklet On Automatic Control i VE adel TY Pe 


slant niin iia iia ieee 
| U.S, ELECTRICAL MOTORS Inc net 






P.O. Box 2058, Los Angeles 54, Calif. or Milford Conn | > 
[ | Send Varitrol Automotion Booklet No. 1882 | ’ 
[| Send U.S. Varidrive Booklet No. 1797 | 
oa | u.S.VARIDRIVE 
| f 
con | om YALRITROL 
| Adoress | 
| 
| city ZONE STATE | AUTOMATION WITH VARIABLE SPEED 








WHY ZINC RATES FIRST IN DIE CASTING @® NUMBER 6 OF A SERIES 





-as needed by Admiral 


Built-in electric ranges and wall ovens are the’ 1. No scrap loss 
latest products of the fertile minds of apphance 2. Integral mounting bosses for easy assembly 


designers. And the most efficient methods and mate 3. Dimensional accuracy for perfect fit of mating 
rials are employed for each component of the new parts 
space-saving cooking units. The illustrated custom 4. Bold raised lettering on the control panel 
wall oven by Admiral, with its ZINC die cast in 5. Smooth as-cast surfaces which—being ZINC 
verted-U door frame and control panel, is an excel take, and hold, beautiful chromium plating applied 
lent case in point by commercial methods 

Obviously the frame and panel ger? Watch for other examples of ZING 
(back views above) could have ( ge* die casting economies in our future ad 


economies of these ZINC die cast- for the answers to your particular pro 


ings. Stampings not only would 


ut 
" . 
been stamped from sheet metal, oe; ~oe! vertisements. Send for our brochure 
but not with the qualities and a ; B @ and contact any commercial die caster 


duction problems 





lack the desired rigidity, but would 


not possess the following addi- aie t Sy 
tional advantages obtained with aes & _ 

° a 
die castings 





FOR DIE CASTING ALLOYS 





The New Jersey Zinc Company, 160 Front Street, New York 38, 


The Research was done, the Alloys were developed, and most Die Castings are based on 


HORSE HEAD SPECIAL (niterm auciy) ZINC 








READER INQUIRY ERVICE CARD PRECEDING BACK COVE! 





‘+ s,s. 3h CHT 










A simple heat treatment shrinks 
and bonds Irrathene insulating 
* 2 tape to encapsulate coil. Cutaway 
i section shows how tape f 
. impermeable sheath of i 
te i . Ss % 


G-E Irrathene” irradiated polyethylene seals motor coils 
against moisture, conductive dusts, most corrosive chemicals 


General Electric lrrathene irradiated wy with changes in humidity, even if 
polyethylene i result of thre new ol coil i comple tely immersed in water 


needed: cost per coil is lower. They're 


easy te ipply either in hand or ma 
ence of radiation chemistry now make ; . chine taping operations 
High temperature resistance: Ira oe 


po ible new Cla A insulation for the 


then tapes ie nom-emelting and ar 
electrical industry 


unattected by short overloads at very 
prope rties of Irrathene in ulating tape 


. high temperature vith tanding « cn i 

Excellent electrical properties: Irri we being utilized to improve electrica 
200 und higher for limited periods 

thene insulating tiapr offer high corona j rformance of wire and cable. tran 


starting voltage low corona intensity Low cost per gross yard: hese tape former capac itor ind other electrical 
levels, excellent voltage endurance cost about the same, yard-for-yard, as equipment. If you are not now using 
high dielectric strength and insulation arnished cambric, but because of bet lrrathene tapes, check the coupon for 
resistance, Electrical properties do not ter electrical propertic less insulation more information 
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Flexible, void-free mica—available by the roll 








G-E mica mat is the modern form Just off press! General Electric has 
of mica insulation Composed of ust published i 20- page brochure 
myriads of tiny mica particles in describing 
- continuous roll form, it offers the this new form 
electrical industry many advantages f mica insulation 
over pasted heet mica. It is far more Your copy is 
flexible ind uniform comple tely re idy now Che 
free ol voids Le SS IS nee ded for \ coupon will 
given job, too perhaps 25% |e to bring it 
insulate 10,000 volts promptly! 
Mica—40 inches wide and a mile long! ; 
Customer Report: 
sé . . 
40% savings in metal, 
50% saving in cure time... 
° 9” 
with G-E PERMAFIL 73515 
One of our customers, a manufac line to save 25% lamination weight 
turer of radio and TV transformers 15% copper ind cut cure times in 
calls G-E Permafil 73515 insulating half. This customer reports that hi 
arnish “the greatest single contribu new, smaller transforme perate 
tion to lower transformer costs in more reliably at higher temperature 
twenty-five years.” Using 73515 and than his old line which wa impres 
spec ial impregn iting tec hnique s, he nated with conventional insulating 
was able to redesign his transformer irnish, Check pon for details! 
1 
Courtesy, N. ¥. Transformer Co 
; TECHNICAL SERVICE AVAILABLE oe =e { 
| General Electric Company | 
: siitnds ae i, 
echnical service on insulation problems is readil | Laminated & Insulating Products Department | 
ivailable from General Electric’s nation-wide il | Section EM 1-6, Coshocton, Chie | 
offices. For more information on any of the G-E insu 
lating products described on these page just fill in : Irrathene 
and mail the coupon | I a] | 
| | 
a hone 
{ | 
INSULATING VARNISHES « IRRATHENE® IRRADIATED | bir | 
POLYETHYLENE + SEALING AND FILLING COMPOUNDS 
G-E MICA MAT + VARNISHED CLOTH AND TAPES , OK 7 | 
PERMAFIL RESINS + SILICONE INSULATION . 
ec es = oie ee 
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A NEW termeric | rozsunn ane 


Gh ke POWER COMPONENTS |  ~_ 





Listed below are just a few of the 50 new stock items in the United her 
metic power series. These MIL-T-27 power components add to the 200 
other hermetic stock items of filter, audio, and magnetic amplifier types 
Through the use of proven new materials and desien concepts, an unparalleled degree of life and reliability 
has been attained, considerably exceeding MIL-T-27 requirements. Test proved ratings are provided, not 
only for military applications but for industrial, broadcast, and test equipment service (55°C. ambient). 













For complete listing of these new items, write for Catalogue #56. 


MIL-T.27 RATINGS IN REGULAR TYPE INDUSTRIAL RATINGS IN BOLD TYPE 




















































TYPICAL POWER TRANSFORMERS, PRI: 115V., 50-60 cycles s 
Type HV Sec Approx’ D ‘ Approx" MA Fil MIL 
N cy DC volt Me Wade DC volts oc Wag Case 
500 Lt 1B 6" t 170 15 United “H™ series power tran 
H-61 C 26° of 6 3VCT-3A Cc 240 65 6.3VCT-3A HA formers are available in types suited 
550 L 206 6 5V-2A tL 190 70 5V-2A , 7 
f ( “ys C 280 60 to every electronic applicat 
= 9 7 L240 210 a Proven ratings are listed for both 
" ( 1 6 3V C 360 150 6.3V-6A KA high voltage output condenser 
f 6 3V-1A L 260 200 6.3V-1.5A 
V C 380 140 5V-4A and choke input filter circuit 
a 1w A‘ 190 i 210 420 military and industrial pplicati 
H-8 190 210 6.3V-6A Cc 350 310 6.3V-6A NB Aa, * 
8 6.3V-2A Lt 245 400 6.3V-24 a % 
5V-4A C 400 300 5V-4A oa xe 
4.93 1000 | 37 on 6.3V-BA L 340 340 6.3V-10A OA Gr. - ty 
1200 46 250 6.3V-4A L 455 300 6.3V-5A i 
5V-6A 5V-6A \ 
After appropriate H series choke. L ratings are choke input filter, C ratings are condenser input 
A FEW TYPICAL LISTINGS OF FILTER REACTORS. 
: lye ind, @ MA ind. @ MA ind. @ MA ind. @ MA Res. Max. DCV* Test V. MiL 
te H™ series filler react art ; Hys. OC Hys. OC Hys. oc Hys. DC Ohms Ch. input = RMS Case 
extremely flexible lesign and ral 4-71 20 «40 18.5 50 15.5 60 10 70 350 500 2500 FB 
Listings show actual inductance )) 473100 95 125 75 150 5.5 175 150 700 2500 HB 
‘ {{ ' ‘ { { 
sig Byoarnetied ’ #75. ‘11 200 10 230 85 250 65 300 90 700 2500 Ke 
type ti e industrial apy 
W-77 10 «600 9 350 8 390 65 435 60 2000 5500 MB 
| QS > 79 7 800 6.5 900 6 1000 5.5 1250 20 3000 9000 9x7x8 
‘ A 
ee *Based on maximum ripple voltage across choke in choke input filter circuit, in terms of DC output voltage. 
TYPICAL FILAMENT TRANSFORMERS, PRI: 105/115/210/220V., 50-60 cycles. 
Type Sec Amps Amps Test Volts MIL 
No Volts Mil (ind) RMS Case 
H-121 25 i 12 10000 JB United “H" series filament tran 
H-124 3 s 2000 FB formers have multi-tapped primaries, 
H-127 0 30 21000 NA , pood regulation, and are rated for # 
H-131 6301 : ‘ 2.5 2500 FB 8 KIM | industrial as well as military service 
H-132 6 3c! o> 6 ene 7 , 2500 — ? ja = SOlt > 
6 3CT i 7 Oveic } 
H-136 14, 12, 1ICT 10 14 2500 LA \g_ , 
TYPICAL PLATE TRANSFORMERS, PRI: 105/115/210/220V., 50-60 cycles. 
‘ rr res | { No. Sec. V. sopra.” MA Choke MA Choke 
Type Cc.T, volts oc No. oc No. Case 
| lf t pe ! 
cere H-110 1050 380 275s WTS 385 4-77 MB 
pped | aries | t 1200 465 250 H-75 350 "77 
e units for a ge of 4-113 2500 1050 280 H-77 340 4-77 5% x6x7 
tary and industrial elect iD 3000 1275 250 H-76 300 H-76 
st Larpe ive te H-115 3500 1500 265 -77 350 4-77 8% 1642 x8 
: a ; 4400 1900 225 4-77 300 4-77 
[ eT niin ¥ ; 
<i W117 5000 2125 90 28=— 79 1100 H-79 13% «11x 14% 
rer Use 6000 2550 800 H-79 1000 H-79 








“After filter choke. All ratings are for choke input filter. 


UNITED TRANSFORMER CO. 


150 Varick Street, New York 13, N. Y. * EXPORT DIVISION: 13 E. 40th St., New York 16, N. Y. 
CABLES: “ARLAB” 








40 G-E 
THYRATRONS 
IN ALL! 


' (F CARDS, PRECEDING 





Literally every control applica- 
tion—industrial, commercial, mili- 
tary—is pinpointed somewhere in 
the complete line of 40 thyratrons 
manufactured by General Electric. 
If your specifications call for a 
tube with voltage or current rat- 
ings slightly different from any 
listed G-E tube, then bear in mind 
that the published ratings apply to 
only one set of pre-established condi- 
tions! A G-E thyratron whose rat- 
ings approximate your design 
needs, may fit your requirements 
accurately under the actual condi- 
tions of operation laid down. 


Ask G.E. to analyze your tube 
operating conditions—from these, 
to establish whether an existing 
thyratron will do the job satisfac- 
torily. If so, as a standard tube, it 
will be immediately available. . . 
proved .. . economical. 


GENERAL ELECTRIC OFFERS 
TO ELECTRONIC DESIGNERS THE INDUSTRY'S 
WIDEST CHOICE OF THYRATRONS 


General Electric pioneered the 
thyratron tube; builds the most 
thyratrons ... builds by far the 
most types of thyratrons. Design 
know-how; the lessons learned from 
many years’ experience with con- 
trol tubes throughout industry 
these are reflected in G-E tube per- 
formance. For further information 
on thyratrons, for expert counsel 
on any control-tube problem, write 
Tube Department, General Electric 
Company, Schenectady 5, New York, 


The reverse side of this sheet names 
and rates all 40 G-E_ thyratrons, 
listing them in order of anode cur- 
rent capacity. You can tear off this 
sheet and keep it for reference. It 
is a comprehensive guide to the 
thyratron type you will need for 
your next control circuit! 


Progress /s Our Most Important Product 








Turn page for 
full listing! 





t CABLES: ABA 


FOR EVERY APPLICATION, A G-E THYRATRON! 
! CONSULT THIS COMPLETE LIST! 




















' 
' 
: - = oo am 
TYPE | ANODE CATHODE AERAE Ses. . 
CHARACTERISTICS | 
_—_ - - - -- --——-- - — -- —— | ENE 
CURRENT, AMPERES VOLTAGE, VOLTAGE CURRENT,| AT 100 AT 1000 TEMPERATURE INERT GAS 
" | AVERAGE PEAK FAULT PEAK INV AMPERES vous VOLTS ; RANGE C OR MERCURY ‘ 
i GL-5662 Fuse Tube 200 | 63 015 |} 3.5 5 160 v | 55 to +90 Inert 
GL-5663 0.02 0.06 10 500 | 63 0.15 | 1.5 2.5 | 500 v 55 to +90 Inert 
GL-885 0.075 03 350 2.5 1.5 10 25 (@ 250 v 75 to +90 Inert 
GL-804 0.075 03 350 | 63 0.6 10 25 (@ 250 v 75 to +90 Inert > 
GL-2021 0.1 0.5 10 1300 | 63 06 | 1.8 4.2 @ 450 v 75 to +90 Inert 
GL-5727 | O01 0.5 10 1300 63 0.6 1.0 3.5 @ 450 v | 75 to +90 Inert 
GL-2050 0.1 1.0 10 1300 6.3 06 | Ss 3 @ 650 v 75 to +90 Inert 
GL-502-A 0.1 1.0 10 1300 | 63 06 | 1.0 3.5 (@ 650 v | 55 to +90 Inert 
FG-B1-A 0.5 2.0 40 500 2.5 5.0 3.0 5.25 ( 500 v | 55 to +85 Inert 
FG-98-A 0.5 2.0 40 500 2.5 5.0 5.0 11.0 @ 500 v 55 to +85 Inert 
FG-97 0.5 2.0 40 1000 | 2s 5.0 +0.5 13.0 +40 to +80 Mercury 
GL-5557 /FG-17 0.5 2.0 40 5000 2.5 5.0 | 2.0 7.0 +40 to +80 Mercury 
ci 1.0 8.0 77 700 2.5 ss 4 2.8 3.5 @ 450 v 55 to +70 Inert 
GL.5948 1.0 1000 25,000 6.3 30.0 50 to +75 Inert 
GL-393-A 1.5 6.0 55 1250 2.5 70 1 2.5 4.5 (@ 500 v 40 to +80 Inert & Mer 
GL-3C23 1.5 6.0 120 1250 2.5 7.0 2.5 5.5 40 to +80 Inert & Mer 
GL-678 1.6 6.0 50 15,000 5.0 i 0 15 +25 to +50 Mercury 
GL-627 2.5 064 25 2500 | 25 60 | 6.0 +25 to +70 Mercury 
FG-154 2.5 10 160 500 | 5.0 7.0 4.0 9.0 @ 500 v 20 to +50 Inert 
FG-27-A 2.5 10 200 1000 | 5.0 45 2.0 8.0 +40 to +80 Mercury 
GL-5559/FG-57| 2.5 15 200 1000 5.0 4.5 1.75 6.5 +40 to +80 Mercury 
GL-5560 /FG-95 2.5 15 200 1000 5.0 45 | +1.0 9.0 +40 to +80 Mercury 
| 105 30 200 1000 | 5.5 45 | +1.0 9.0 +40 to +80 
GL-5728/FG-67| 2.5 15 200 1000 5.0 4.5 +4.0 0 +40 to +80 Mercury 
Gl-5720/FG-33| 2.5 15 200 1000 | 5.0 45 | +95 +9.5 +35 to +80 Mercury 
GL-6011 | 2.5 30 250 1250 | 2.5 90 | 0 6.0 40 to +80 Inert & Mer 
GL-5632/C3) | 2.5 30 300 1250 | 2.5 90 | 1.0 4.5 @ 750 v 55 to +70 Inert 
GL-5544 (xX) 3.2 AO 560 1500 2.5 12.0 0 7.0 55 to +70 Inert 
GL-672-A 3.2 40 150 2500 | 50 5.0 0 10 +40 to +80 Mercury 
Gi-5545(xX) | 6.4 80 1120 1500 | 25 21.0 0 7.0 55 to +70 Inert 
GL-6B807 (Xx) 64 80 1120 1500 | 2.5 21.0 0 7.0 55 to +70 Inert 
GL-5528 /CélL 64 77 770 500 | 2.5 21.0 0.5 2 @ 350 v 50 to +70 Inert 
GL-6809 (Xx) 64 80 1120 500 2.5 21.0 0 7.0 55 to +70 Inert 
GL-6044 | 6.4 77 770 500 | 2.5 17.0 0.5 2.5 @ 500 v 55to +85 | Inert 
GL-5C21/C46) | 6.4 77 770 1250 LY aS 21.0 0 3.5 (@ 750 v 55 to +75 Inert 
COM 6.4 77 770 1250 2.0 21.0 60 to +75 | Inert 
FG-172 64 40 400 2000 | 50 100 +1.0 14 @ 2000v +40 to +80 Mercury . 
*2.5 77 400 750 | 5.5 11.0 +1.0 14 @ 2000v | +30to +95 
FG-105 6.4 40 400 2500 5.0 10.0 + 1.0 9.0 +40 to +80 Mercury . 
| *40 16 160 10,000 | 5.0 10.0 +1.0 9.0 | +25 to +50 : A 
GL-5830 /FG-41| 12.5 75 1500 10,000 5.0 20.0 + 8 + 2.0 | +40 to +65 Mercury 
GL-414 | 12.5 100 1500 2000 5.0 19.0 0 10 | +40to +80 | Mercury 
GL-5855 (Xx) 18 160 2000 1500 2.5 34.0 r8 5.0 @ 1500 | 55to +70 | Inert : 
(X) High commutation-factor tube : 
| These ratings apply only when the tube is used for ignitor firing ; 
* These ratings apply only when the tube is used in thyratron welding control service 
le acid 
’ 
’ 
Tube Department, General Electric Company, Schenectady 5, N. Y. 
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“BLUE RIBBON itso 
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equipment where space is a factor. 
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Designed primarily for use in 
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Today a number one choice in military equipment. 


Design engineers preferred choice in commercial application, 


BLUE RIBBON—EXCLUSIVE FEATURES: BASIC CHARACTERISTICS 


1 « High temperature vitreous enamel coating. 1 « Higher wattage rating per unit space require- 
crazeless, moisture resistant. ment. 


2. Aluminum thru-bar—distributes heat more 
uniformly along the entire length of the re- 
sistor. 


« Space reduction behind panel or mounting 
surface. 


3. Mounting studs—corrosion and rust resist- 
ant. 


« Stack mounting assembly. 


« Bracket assembly will not loosen under vi- e Light weight 


bration. 
Lower induction 
‘* ° . 4 ° 
Ss. Field tested welded construction. 
a. Wire to Terminal 
b. Terminal to Core 


ourh W N 


« Conforms to MIL-R-26 specifications 





HARDWICK, HINDLE, INC. 


Rheostats and Resistors 
10 Hermon St.. Newark 5. N. J. U.S.A hor more than a quarter of ¢ 


The marl of quali 
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Here’s Why We Use 


SQUARE D Starters 


on the Machines We BUILD 





PERFORMANCE When you get right 
to it, the performance ret ord of 


aown 
a lot on how 


i any machine tool depends 
ntrol behaves. We know, from 4 
that Square D 





lot of past experience 


? 
tarters are designed to jeliver the 


performance that 


kind of trouble-tree 

keeps our customers happy 
FLEXIBILITY Another thing we like 
the flexibility we get with Square D's 


, 
tarter design with pat kaged parts kits 






to make last-minute changes 
1 






It's a cinch 
in interlocks, cous and overload relays i — a ra 
[That's important because it means we \ Che sas Nek eA 


to kee} 1 big sto k of start- 






vith a lot of modification: 


FIELD ENGINEERING SERVICE 

When we're designing machines that call for more 
complicated electrical control, it’s mighty nice to have 
a Square D Field Engineer handy to work with us. As 
a matter of fact, he'll carry the ball just as far as we 
say—even to developing the control circuit for a 


multi-station machine. 
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Here’s Why We Specify 


SQUARE D Starters 


on the Machinery We BUY 
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EASY INSPECTION AND MAINTENANCE 


PERFORMANCE, 


Sure, we like Square D 
performance because it keeps our : 
“down time” at a minimum. BUT 
everybody knows that even the 
best starter needs periodic inspec- 
tion and preventive maintenance 
We like the way Square D makes it 
easy to handle those routine jobs. 
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2 Remove four screws and 
entire movable assembly can 
be lifted off. Disconnect two 
wires and slip off magnet coil. 


1 Loosen two screws and the 
arc chamber cover comes off. 
Every contact surface can be 
inspected at a glance. 


o> >— + 
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OFF-THE-SHELF PARTS KITS 
A Sizes 0 through 4 starters 


They make normal maintenance and 
modifications easier than ever Pack- 
aged parts include interlocks, contacts, 
coils, overload relays, pushbuttons and 
selector switches They re easy to buy, 
easy to identify, and faster to install 


3 Contacts are attached with 
separate screws—they can 
be removed and replaced 
without disturbing any wiring. 
A screwdriver is the only tool 
needed. 


have these separate mounting 
electrical interlocks for easier 
installation. Contact block is 
attached from front of panel 
with two screws. 
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Ws WN WY a guy named Og 


Once your name was Og. You tired of shouldering 













O 62 C2 
goes 


mastodon steaks...of dragging your mate by her hair. 


You invented the wheel. 


Later, your name was Watt. Steam made your kettle-lid 


dance...and the Industrial Revolution was on. 


Yesterday, you were a bicycle mechanic named Henry...today, 


your brainchild’s descendants are counted in millions. 


Your name is legion. You created every linkage... 


every device...every system. 
You're an engineer. 


You make things work better... faster...more accurately 


...more economically. 


Next week...next month...next year...some system will need 
a better, faster, more accurate or more economical 


; means of recording...or indicating...or computing...or 
many models of HELIPOT* 


precision potentiometers are controlling a process. 


stocked for immediate shipment 


You'll want precision potentiometers 
our engineers will gladly 


adapt standard HELIPOTS to your You'll discover that Helipot makes the most complete line 


requirements...or build 
linear and non-linear versions...in the widest choice 
entirely new HELIPOTS for you. 





of sizes, mounting styles and resistances. You're an engineer 


for information and specifications Your career is in 


. write for data Sil / the making 


SYR Rr \\)\\g e 
LULA 
¥ ‘ee eeeeee | 
IOS ats first in precision potentiometers 


Helipot Corporation [South Pa ade? a, California 


Helipot would like 







to hear from you. 


Engineering representatives in principal cities 


a division of BECKMAN INSTRUMENTS, INC, 
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CONSISTENTLY EQUALS OR 
EXCEEDS NEMA 
STANDARDS 








3 Textolite 


LOW COST—HOT OR COLD 


G-F TEXTOLITE punching grade lami 


nates have been designed to provide 











low-cost hot or cold punching lami 





nates with excellent electrical and 


Punching Grade 


mechanical properties, geared to meet 






the requirements of today’s high-speed 


Laminates 


produc tion techniques 


These hot or cold punching grade 
laminates, engineered by General 












Electric, have been developed fo meet 






the varied requirements of electriccl 


DES/GNED 
FOR 
AUTOMATIC 
PRODUCTION 


and electronics manufacturers Among 
the wide selections available are 


TEXTOLITE HOT PUNCH 2053 


chanical strength and electrical properties at 






























High me 


cost 


TEXTOLITE COLD PUNCH 11561 Can be 


cold punched to ‘se thick. Has good mechanical 


low 

















strength 
TEXTOLITE 11562 warm punch grade with 


a good combination of mechanical strength and 






electrical properties. NEMA grade P 
TEXTOLITE 11563 Hot punch grade with 


stable electrical properties under humidity con 
ditions. NEMA grade XXP 


TEXTOLITE 11564 Best electronic insula 
tion grade for high dielectric strength, low cold 
flow, and best humidity resistance. Hot punching 
NEMA grade XXXP 
These standard industrial grade laminates have a 
uniform color and appearance and offer a new 
ease of fabrication. They CONSISTENTLY exceed 
NEMA values 


All TEXTOLITE 


availuble with copper foil on one or both sur 








punching grade laminates are 







faces, in flat sheets, for printed circuitry 





















WHEN THE PROPERTIES 


SPECIFY G-E 


HAVE TO 
TEXTOLITE 









BE RIGHT 





Progress /s Our Most /mportant Product 


GENERAL @® ELECTRIC 


nsulating Varnishe . rrathene ¢@ ealing and Filling 
ompound @ Mica & Mica Mat Insulation @ Varnished 
Cloth and lape * ne insulator @e GE Testolite 








General Electric Company 
Laminated and Insulating Products Department 
Section EML - 16 

P. O. Box 5911, Cleveland 1, Ohio 


Please send me your TEZTOLITE INDUSTRIAL LAMINATE 
catalog M-COL-245 








Please have your representative ca 
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Individual adjusting of neutralized, 
magnetic voltage regulators guarantees 
less than 3% harmonic distortion 


You can provide a stabilized source of undistorted voltage put capacities: 60, 120, 250, 500, 1000 and 2000. Input 
with a Sola Harmonic Neutralized Constant Voltage Trans voltage range of 95-125v with regulated output of I15v. 
former (Lype CVH). Like Sola Standard Type CV stabiliz Custom units made to specification for production quan 
ers, each harmonic neutralized unit is individually adjusted tity orders 
luring manufacture to regulate within l regardless Sola type CVH regulators may be used for the most 
of voltage fluctuations as great as 40 In addition Type exacting applications with equipment having elements 
CVI regulators deliver sinusoidal output with less than which are sensitive to power frequencies harmonically 
distortion, Operation is automatic and instantaneous related to the fundamental. They are especially suitable 
There are no moving parts, no manual adjustments no tor input tO a rectifier when close regulation of the d« 
MamMtlenance output 1s required. Available from your electron dis 
They are available trom stock in the tollowing va out tributor 
a 
Write for literature describing these and 
iN other Sola Constant Voltage Transformers 
T\\ TRANSFORMERS Ask forBulletin 6A-CV-200 
Transformers for: Constant Voltage . Fivorescent Lighting ° Cold Cathode Lighting . Mercury Vapor Lighting 7 Plastic Signs 
SOLA ELECTRIC CO., 4633 West lé6th Street, Chicago 50, Illinois, Bishop 2-1414 © BOSTON: 272 Centre Street, Newton 58, Massachusetts 
NEW YORK 35: 103 Eost 125th Street . LOS ANGELES 26: 2025 Sunset Boulevard . PHILADELPHIA: Commercial Trust Building 
CLEVELAND 15; 1836 Euclid Avenue . KANSAS CITY 2, MISSOURI; 406 West 34th Street . Representatives in Other Principol Cities 
26 










fom Itrangitron 


- SILICON RECTIFIERS 








Transitron's silicon rectifiers are 


se) % Three power designed for reliable operation up 
. to 150°C. They offer major sav- 
ranges now In ings in both size and nt Tare 
production long term stability through her- 
metic sealing. 

Because of their high forward con- 
ductance and high inverse re- 
sistance, Transitron’s silicon recti- 
fiers are extremely efficient. They 
are ideally suited for high tem- 
perature power supply and mag- 

netic amplifier applications. 


Write now for bulletin TE 1321! 







Maximum Avetage 
forward Curtent 
Amp 






eles 


RATINGS AT 135 C 


| ; — = at 
rangitron ee || {Wao a 
electronic 7corporation : “ 
melrose 76, massachusetts Glass Diodes Transistors Power Transistors Silicon Diodes Silicon Rectifiers 







built for the hands 
that build ae 


Here’s the one hand tool that works 
on 80% of all aircraft wiring. AMP’s new T-Head 

Tool crimps terminals and connectors 
in both 22-16.and 16-14 wire size ranges. Crimping 

jaws are color coded to match AMP 
color coded terminals and connectors and each 

crimp is branded with AMP’s Proof- 
mark of Quality. 

















A special take-up device holds termi- 
nals and connectors firmly for one handed operation 

of the tool. Then AMP's Certi-crimp 
ratchet takes over and prevents the tool from 

being opened until the crimp is com- 
pleted. The tool is adjustable for all aircraft wire 

insulation thicknesses and is balanced 
for less operator fatigue regardless of the size of 
the operator’s hands. 














AMP Trade-Mark Reg. U.S. Pat. Off. © AMP 
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HAND TOOL 


for pre-insulated 
terminalis & 
connectors 
22-16 and 16-14 





Send today for your copy of our 
brochure, AMP’s Creative Approach 
to Better Wiring 


AIRCRAFT-MARINE PRODUCTS, INC., 2100 Paxton Street, Harrisburg, Pa. 
In Canada: AIRCRAFT-MARINE PRODUCTS OF CANADA. t TO., 1764 Avenue Road, Toronto 12, Ontario, Canada 


READER I i SERVICE CARDS, PRECEDING BACK COVE! 94 
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For extreme 
operating conditions 


CHECK YOUR FRACTIONAL H. P. MOTOR 


UNDER WATER 


EXTREME COLD 


‘ 
y { { that Howard 


of fractional h.p. motors in the entire in- 


4 


DIVISIONS 


EMC) ELECTRIC MOTOR CORPORATION (C&>) CYCLOHM MOTOR CORPORATION (fac: 


Cn 
, 


Ss 


EXTREME HEAT 


dustry— Universal, Direct Current, Shaded 
Pole, Induction and Servo Motor types as 


well as gear motors and blowers in ratings 
from 1/2000 to 1/2 h.p. 


nal h.p. n 


th Howard. Writ 


DEPT. EM-1, HOWARD INDUSTRIES, INC. + RACINE, WIS 


4822, f 


RACINE ELECTRIC PRODUCTS 


JANUAI ; CTRICAL MANUFACTURING 





To make your ELECTRICAL APPLIANCES 


work better... LO NGER 









COLOR 


All Cord Sets 
available in colors 
to match 
your appliances, 
both in Rubber 
and in Plastic 


° for Engineers” | 
help your products to keep doing their very best. Scientifically 
designed and manufactured by specialists who take pride in 
creativity and craftsmanship...real Partners in Performance 
EO EOUATE Send us your specifications; consult us without obligation 


@ ATLANTA 





@ BOSTON 
KANSAS CITY @LOS ANGELES @ MINNEAPOLIS @ PHILADELPHIA PITTSBURGH @ ROCHESTER @ST. LOUIS @SAN FRANCISCO @SEATTLE 












RN 





WIRING BUREAU 


he CORNISH WIRE CO., inc. 
50 Church Street New York 7, N.Y. 


@ CHICAGO 




















BRIDGEPORT @ CHARLOTTE @ CINCINNATI CLEVELAND @DALLAS DENVER @ DETROIT 


@ Stock carried 






















VOLTMETERS, 
AMMETERS, MILLIAM- 
METERS, MICROAMME- 
TERS, WATTMETERS, GAL- 
VANOMETERS, VOLUME 
LEVEL INDICATORS, 
SEALED & RUGGEDIZED 
METERS, METER 
RELAYS 










Soo STOCK TYPES 


.-. plus HUNDREDS MORE, custom-built 
from standing tools -¥- 





TT Me me a 
YOUR ELECTRONIC PARTS DISTRIBUTOR requirements today. Let our 


HAS HUNDREDS IN STOCK! top-flight engineers work out 
solutions or make recommenda- 
tions best suited to your needs. 


Pe y f ( y myOrin ON INSTRUMENTS THAT STAY ACCURATE 









4 ul 


(A) NEW CORE TYPE—A superb new movement that is self shielded, 
remarkably small and lightweight. Instruments now equipped with it 
meet the various Military Specifications for Sealed and Ruggedized 


(B) EXTERNAL MAGNET TYPE—The magnet 
structure of this time-proven movement is an 


Meters. Shallow, medium, and deep sizes. 


(C) DYNAMOMETER TYPE— 
This fine movement features a 
high torque to weight ratio. 
With it, Simpson is the only 
manufacturer producing a two- 
inch wattmeter. Movement is 
air damped, sturdily built. 


Shunts and Current 


Transformers available 
to your specifications. 








(D) MOVING VANE TYPE— 
The preferred movement for 
A-C measurement. Consumes 
remarkably little power. Fea- 
tures Simpson three-way bal- 
ancing and patented balance 
weight locking clips. 





Send for 
Technical Manual 17 





ELECTRIC COMPANY 


5200 West Kinzie St., Chicago 44, Ill. Phone: EStebrook 9-1121 


In Canada: Bach-Simpson, Ltd., London, Ontario 


independent part, permitting a choice of magnet 
material to match specific requirements. 


(E) NEW BIFILAR SUSPENSION 
TYPE* — Represents a_ brilliant, 
new adaptation of the D’Arsonval 
principle with bifilar suspensions 
that eliminates all friction due to 
pivots and jewels. 
*Simpson-Greibach Movement 








50" MM 


RU ee 


NOW AVAILABLE 


Electrix Terminals for Molded or Separable Plugs 
Engineered for Uniform Assembly — 
and Greater Holding Power’ 






New Electrix Terminals are designed and engineered for 
greater holding power are specifically made and tested 
to pass rigid weight and heat rise tests and to meet all other 


rigid requirements 


Strict quality control standards assure uniform tolerances 


especially at the critical point where blade ts crimped to wire. 


Automatic Electric Crimping Presses Available With All 


of Our Terminals 


lustrated ave a few of the standard Electrix 


terminal designs. Consult Electrix Corporation for Manufactured To Meet UL Requirements 


specific he rminal re quirements 


WRITE FOR SAMPLES AND PRICES 


Electrix Corporation ence! Stans 


JIANUAI 








~~ 


GENERAL CONTROLS 


MANUFACTURER 


ARY 





40 FACTORY BRANCH OFF 


* 
Write for free catalogs: Heating, Refrigerat 


. c 
eC nee ns Eee een Orta ny So Clee eo ier n. ha 


u SLOW OPENING GAS VALVES LOW WATER CUT-OFFS 


4 New mbustion ntr afforded by the Jiaphrag tr ed Ele t ving art gland t ea t t 
7 gas valve Governor regulates fue ipply to t er firect v é fe chambe Line voltage and t a 
ty y ble voltage pe tting | f v 


5a) ratio to steam pressure, ¢ nating hunting aspect t 
- 


= most f ted throttling valve Low fire ad tment prevent 
valve or gas flow trom red gw be w adjustable et j 
affording fullest advantage f gas burner talled. Type f , 
pictured, available 1” to 6” LF ? 


MAGNETIC PILOTED PISTON VALVES 


Two-wire srrent failure, hig ressure. De 


+ 


» 
% 
ws 


HYDRAMOTOR VALVES 


H-1 { erie ty ny ' tallat ' 


cCapacit with mir um f ive drop. M 


THERMAL EXPANSION VALVES 


"7 
MAGNETIC LEVER VALVES 
General Contr K ha x time re powerf 
than ordinary é 1 valve Juiet, two-wire 
. packless construction. Handle f vater 


Type V t | Expa 

rrent fa ty and endability. Quickly a ted orifice 

i ga wa ght and heavy art , it f t king evera é for w tor 

team. | tiv pe é te hut-off. Designed f cod or T t Valy iy t t j ny t Hand 
“SS 
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DRAFT GAGE 





MAGNETIC GAS VALVES MANUAL RESET VALVES 

Magnet jrrent failure, quiet, two-wire er and fue : t wit 7 athy ete tr senet y Ne valve 
line supply at de nd ofr tr tat t t f t flowing t at . t a ening 
ilar device. Widely used for t g to w sir furnace ; , a erat ever t ifety 
gas fired boiler trial ace ‘ = thes et , ' 
Compact w current t ' to ¢ f for y tfect by y reset 
pressure ip to 5 it f f ta ard ' 11 ture , . arty ! ged t y 
Also available in ex; ! s : weal . ' , , ’ tory 

a ¥ ¥ v 
oe 
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GAS FUEL GOVERNORS I mes GAS SAFETY AND PILOT BURNER 
. o ttle . , * 
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1 «al ioe pital berets providen the vitimete tn 100% salah tna 


THERMOSTATS RELAYS AND TRANSFORMERS 
Cr ’ aaa tat . . ‘ ‘ . . ' { 
| ential adiuctable betw 5 Meat Ant ‘ ‘ 
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Presvw ee 


Always in 
DEPENDABLE SUPPLY! 





U. S. Royalastic 
PLASTIC TAPE 


This versatile tape does the work 


and adhesion. Approved by 





of both rubber and friction tapes 
on many jobs. Complete me- 
chanical and electrical protec- 
tion. Good tensile strength and 
high resistance to water, oils, 
acids, alkalies, corrosive chem1- 
cals. Easy to manipulate in 
cramped spots. Good stretch 


Underwriters’ Laboratories, Inc 

You can get immediate deliv 
ery by getting in touch with any 
of United States Rubber Com 
pany’s many distributors, any of 
the 27 “U. S.” District Sales 
Offices, or write us at Rocke 
feller Center, New York 20, 
New York 





Mechanical Goods Division 


United States Rubber 


JANUARY 1956 ELECTR FAS 
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You will boost sales by teaming your product with Lamb Electric 


Super Shaded Pole Motors. They will vive your product the motor 


advantages of long life, quiet operation, high operating efficiency, and 
lasting eood appearance, 


Behind Lamb Electric Super Shaded Pole Motors is our 40 years’ 


experience working with manufacturers of houschold appliances, 
such as food mixers, S¢ wing Mad hing Ss floor polishers and Vacuuin 
cleaners... experience that has resulted in these 10 features: 
®"UNI-SPUN” 
®FORMVAR 


STATOR 
INSI 


FRAMI 
LATED WIRI 


for maximum rigidity 


WINDINGS for 


high strength and 


insulation resistance 
®"AL-SPUN”’ ALUMINUM ROTOR CAGE for maximum conductivity 
®DIk-CAST END FRAMES . 


. sturdy, lightwe ight, Corrosion-resistant 
*®BKEARINGS widely spaced, amply dimensioned 


®AMPLE OIL RESERVOIR . positive oil circulation 
®SHAFT precision ground to controlled surface finish 
®MOUNTING absorbs vibration 


®ADVANCED DESIGN, quality materials, and up-to-date 


methods 


®rINISH 


manulacturing 


» Moisture and abrasion resistant 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


MOTORS 


ovina 


YS 

& 

it 3 
Bed 


as alles al 


‘ 


3 apPlication, 


E 


f 






N PUN STATOR FRAME 
Anchored | ! , ample back 
strong pole tip ean core rigidity, better 
heat dissipation, quiet operation 





“AL-SPUN 


ALUMINUM ROTOR CAGE 


Heat-treated for lowest rotor losses. In- 
tegral and 
Dynamically balanced 


cooling fan vented core, 


~) 


~ 








Installation of Leesona No. 107 Coil Winders at Ford Motor Company’s Ypsilanti, Michigan, plant. New Paper 
Miss Detector enables operator to tend two machines, 


Now FORD Motor Co. winds ignition coils 
on Leesona No. 107 winders 


Vachines stop paper to curl and miss an insert. Ordi 
narily, if there’s a paper miss, and the 


three machines. 


as “7 ai . Operator’s coil produc tion in- 

automatically uf the res a machine is unatte nded, it continues creases, 

paper miss ...one operator to wind, Result . . . a worthless stick e Rejection rate is reduced . . . when 
plus money wasted in wire and time. 


tends two machines... the machine stops at a paper miss 


So an operator must be in constant at- 


the operator re-inserts the paper, 

These Leesona No. 107 Coil Winder tendance on each machine. starts the machine which continues 

equipped with the new Paper Miss "he new Leesona Paper Miss De to wind an excellent stick of coils. 

Detector, make quantity production tector cures this... by automatically i ila NE ia ade ats 

of high-quality stick-wound coils vir topping the machine. Thus, constant 107 Coil Winders, and other helpful 

tually foolproof machine attendance is unnecessary. information write or get in touch with 
Humidity change can cause the e One operator can handle two o1 Universal. 


UNIVERSAL WINDING COMPANY 


P.O. BOX 1605, PROVIDENCE 1, RHODE ISLAND, Dept. 131 


E. G. PAULES & COMPANY, 1762 West Vernon Avenue, Los Angeles, California 
Western Representatives 





W. J. WESTAWAY & COMPANY, LIMITED, Montreal! & Hamilton, Canada 


Canadian Representatives 


FOR WINDING COILS 
IN QUANTITY...ACCURATELY 
... AUTOMATICALLY ...USE 
UNIVERSAL WINDING MACHINES 


UNIVERSAL WINDING COMPANY, 9 South Clinton Street, Chicago, Illinois 


UNIVERSAL WINDING COMPANY, 1500 Walnut Street, Philadelphia, Pennsylvania 
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QUINTERRA* 
Asbestos Sheet 






MYLAR** 


f 
4000 vpm polyestér film 


This boon to designers of electrical equipment comprises a triplex construction 
with Quinterra or Mylar on the outside. Since Quinterra is available in the 
thicknesses of .003” to .015” and Mylar from .0005” to .007”, a large number 
of combinations are available. Check Varslot, if your requirements call for 
high dielectric strength or added thickness at low cost. 


*Quinterra, Johns-Manville Corp. trademark 
**Mylor, Du Pont trademark 


Technical data available on request a Agent in all principal cities 


NEW JERSEY WOOD FINISHING COMPANY 


ELECTRICAL INSULATION DEPARTMENT © WOODBRIDGE, N. J. 


Varnished Cambric Cloth RTS Silicone Varnished Fiberglas 
Varnished Cambric Tapes : Silicone Rubber Fiberglas 
Varnished Duck Sel Silicone Varnish & Rubber Asbestos 
Varnished Fiberglas =—__ Synthetic Resin Extruded Tubing 
Varnished Silk Makers of Synthetic Resinous Tapes 
Varnished Silk Substitute these other Polyethylene, Sheets & Tapes 


Cable Wrapping Tapes quality products “Varslot’ Combination Slot Insulation 


: 
> 


-) 
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The Dow Chemical Company’s production of “Saran 
Wrap” has leaped from 130,000 rolls to 4,000,000 rolls a 
month since 1951. This up-swing is due to a new plant, a 


START AND STOP CYCLES OF AUTOMATIC new flow system, and additional equipment im luding new 
RPM WRAPPING MACHINE ny ahd 3 mac hinery equipped with Reliance VES Drives 


One of the most dramatic applications of V*S Drives is 
on the final wrapping machines shown here. The drives 
must be able to start, accelerate to 3500 rpm., and stop 


3000 


more than 20 times a minute. 


2000 a 
he most important feature, though, is not the frequent 


starts and stops, but the delicately controlled acceleration 
of the drives. “Saran Wrap” is only 1/6th as thick as a 
human hair, and sharp or jerky starts will cause a break 
in the sheet and halt production. Reliance Drives do the 
job day in and day out without a single break due to 
uncontrolled acceleration 


1000 


This feature of V*S Drives, called Dynamic Response, is 
only one of the many facets of Reliance Drives. V*S Drives 
can regulate tension, synchronize operations, control speed 
rates, and automatically program speed changes 


Whether you handle a thin film of plastic or steel billets, 
on acomplete production line or a single machine, Reliance 
can give you better quality, more production, and lower 
costs through Variable Speed Drives 


1). 1506 





Write for bulletin D-2311 


RELIANCE tncinetainc co ° 
ENGINEERING CO. 
CLEVELAND 10, OHIO - OFFICES IN PRINCIPAL CITIES 
Canadian Division: Welland, Ontario 












Protect equipment 
. +. reduce 
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or flexible cords ¢ cables 
e Keep out water and dirt 
e Prevent wire terminal strains 
e Reduce insulation wear 
e Provide high mechanical strength 
e Dress up” deluxe mechanisms 
Equipment, instruments and appliances will look 
better, last longer, need less care when Pyle 
oer nage ee am National sealing grips are used. High lustre 
satiate and machined finish for excellent appearance 
Tapered conduit threads form a tight joint 
tapered rubber grommets provide a tight seal 
ing grip on outer jacket of cable. Oil resistant 
rubber assures a long life. Sizes 34-inch to 3-inch 
« a 
, With hexagon nipple conduit, and ! goin h to 2 i/ inch cable 
in power distribution 
CTs 
Illustrations at left show just a few of many uses 


If you have cord or cable troubles, sealing 


grips can solve them 


Write today for Bulletin No. 1236 


In taper- 
eT) 


SOLD NATIONALI 
Pylet hub. 


Ip. tmePYLE-NATIONAL COMPANY 


WCE 1897 
WHEREJFTQUALITY IS TRADITIONAL i 





ULTRATEC LIGiam © TURBO-GENERATORS + FROODLIGHTS + PLUGS & RECEPTACLES + MULTI-VENT AIR DISTRIBUTION 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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ONLY G.E. OFFERS 


afl 


A 
SMALLER, LIGHTER DESIGN—as much as MYLAR* INSULATION (right): 35 times ALL-ANGLE OPERATION — lubrication is 
10 smaller and 50 lighter speeds as he moisture resistance, 8 times the di sure and protective when mounted in any 
trength of paper insulation (left osition; no need for « 


EASY CONNECTION minals are close MOUNTING VERSATILITY —with resilient DOUBLE LUBRICATION LIFE 


to cover plate; speed-nut welded inside or solid cradle bases, can rotate any oil capacity and more efficient o1 
shell for fast connection from itsid G-E motor to meet your design need tion system cut G-E motor 1 
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are available now in ratings you need 


Act today to cut YOUR costs on material, assembly, shipping! 





You have the opportunity to save now with smaller, 
lighter fractional-hp motors. General Electric, which 
pioneered these advanced motors three years ago, now 
offers prompt delivery on more than 850 basic models 
including the right motors for your products. 


IMPROVED PRODUCTS plus savings in material, 
assembly, and shipping await your conversion to 
these ‘‘years-ahead”’ G-E motors. For example: a com 
pressor builder cut over-all manufacturing costs 25% 
A pump manufacturer doubled sales of his streamlined 
product. A third manufacturer has reduced his shipping 


costs by 35%. 


PROVED PERFORMANCE of smaller, lighter G-E motors 


on nearly 4,000,000 products demonstrates the superi 


ority of the features listed at left 


TO HELP YOU realize all these benefits, G.E. offers 
application aid from engineers who have helped apply 


these advanced motors to all types of products 


WHY WAIT? Prompt delivery of the G-E motors you 
need can help you carry out a quality boosting, cost 
cutting program on your products without delay. For 
full information, including case histories of actual cost 
savings with G-E fhp motors, contact your GE 
Apparatus Sales Office today. Or write Section 702-23, 
General Electric Co., Schenectady, N. Y 


Progress /s Our Most /mportant Product 


GENERAL GQ ELECTRIC 
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improved 
fiber gasket 


withstands concentrated load, stops gear-case leakage 


the selt-y el k with tractabl 
| | in Lew { ( Phe re tant { 
{ { | with | 1} { ble t wn tal] ind t t 
| how ket vhicl | ure i ) psi 
| | t { i ts le« ure fl be i on | \ hely i 
trated the bolt ssure ifie ket cat \ ron 
1} 1 leah { d. how | \ t 
J 4 \ yp rane used in pl { the origina 
isket material, Because Accopac is unusually con FREE 24-PAGE GASKET MANUAL— 
Look f Ar trong G et Ma 
‘ ) | ish { it, at man i . . | | 
it eT per i 
ilon tl v il Phis cor ibilit fil Of se ents 
wans that A pone | " thre inal te \ Cork ¢ | 
ritue t | | 1] to th 1 | on (001 l 
rss | Penn And 
be sure to cify Armst ( 
Vor ' ket Material hen yo ler f 
t t hicl ur gasket itter 





- Armstrong Accopac —— 


used wherever performance counts 
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IVET Rollpin cuts material and assembly costs 


25% on Reynolds Gas Regulator Co.'s toggle lever assembly 





AS A SHAFT before and after shot of this Ronson 


lighter shows how Rollpin made savings of 1'2¢ per unit in 
assembly of spark wheel 





REPLACING A TAPER PIN poticin saves 


24¢ labor cost on each of American Machine and Foundry’s 
MITY-7-VISES. Eliminates tool cost caused by breakage of 


small taper reamers 





out 





DEMARK 





KEADER INQUIKY LRVICE CARDS, PRECEDING BACK COVER 





cost reductions 








Where can you use this 
simple fastener? 


If you use locating dowels, hinge pins, rivets, set 
screws—or Straight, knurled tapered or cotter type 
jinbs Rollpin Call ¢ ut Vou production and Hhtdhi 
tenance costs as it does in every class of industry 
Roilpin is a slotted tubular steel pin with cham 
fered ends that drives easily into standard hole: 

compressing as driven. Its spring action locks it 
in place—withstanding impact loading, stress re 

versals and severe vibration. No threading, peen 
Ing or precision drilling needed Rollpin is readil 


removable and can be re-used in the same hol 


ELASTIC STOP NUT CORPORATION 
OF AMERICA 


MAIL COUPON FOR DESIGN INFORMATION 


Elastic Stop Nut Corporation of America 
Dept. R38-122 2330 Vauxhall Road, Union, N. Jj 


Please send the following fastener information 


Rollpin samples Here is a drawing of our product 
What self-locking fastener would 


Rolipin bulletin you suggest? 


Nome Title 
Firm 
Street Zone State 
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Contact troubles are prevented by 
the exclusive Mallory hinged con- 
tact arm, which always maintains 
correct pressure, allows easy brush 


cleaning. 





Mallory Power Kheostats 
Give Extra Performance... Without Extra Cost 


‘ 
4 ; . 
| amous for long service, Mallory power rheostats offer 


you many unique features of design that assure trouble 
M all« ry free operation, and economical cost. 


ea l soe ; The hinged contact arm eliminates variation in brush 
W Ire W ound Resistors pressure that can cause overheating or failure. The spring 
for heavy duty service carrie no current ...cannot soften when overload 
: , occur. You can lift the brush for cleaning, and the spring 

A comprehen l ii ol Vitreou enamel Baap a back to correct pressure 


power resistors mad Mallory meets the You can depend on Mallory rheostats for cool operation. 
requiremen 1 mi electrical and elec They are designed with ample ventilation, and conserva 
tively rated. Depend on them for stability, too... ob 


tained through the use of high grade ceramic insulation, 


tromie cireuit igh power di pation 
needed ollaye divider bleeders, 


load or shunt 


and tough, impervious vitreous enamel protective coating 
Mallory resistors are space-wound on high on the winding. Depend on them for accurate linearity 
qualit teatite cores, using large gaye wit the result of Mallory precision winding methods 

It aaa hg a fs rent pases iam Most tapered windings can be produced with a single 
heat dissipating area, to assure cool opera ize of wire, by means of special Mallory variable pitch 
tion. A special non-porous, non-alkaline winding techniques. This method of construction elimi 
itreous enamel coating gives effective pro nates joints, hot spots and points of excessive wear... 


on ol the winding reduces rheostat cost. 


Fixed and adiustable ty re available in Standard Mallory rheostats cover the complete range 
ratings from 5 to watt te for data from 25 to 500 watts. For your special requirements, our 
engineers can design single or multiple units to fit your 
application. Write today for our latest Technical Bulletin. 





Expect more... get more from 


-MALLOR 


Pp. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 








Serving Industry with These Products 





Electromechanical —Resistors * Switches « Television Tuners « Vibrators 
Electrochemical — Capacitor * Rectifiers © Mercury Batteries 


Metallurgical — Contacts * Special Metals and Ceramics * Welding Materials 






Parts distributor n all major cities stock Mallory 


standard components for your convenience. 





16 JANUARY 1956 ELECTRICAL MANUFACTI ( 








ARE SMALL ASSEMBLIES 
A BIG PRODUCTION PROBLEM? 
Elgin can put your miniaturized aesemblies 
into low-cost, volume production 


A first visit to Elgin’s assembly lines for miniaturized components is an 
amazing experience. You see the most modern equipment and 





methods applied to parts that are often nearly microscopic. You se¢ 
skilled technicians deposit a day’s production in a pill box 


All of Elgin’s experience, personnel and facilities are at your service in 
producing your miniaturized devices on a low-cost 
mass-assembly basis. Our engineer designers, too, 
are eager to work with you in solving space 
> compression problems. Get the complete story 
on Elgin’s miniaturizing—from design 
to production line. Write or call today 





Free: Booklet Gives Facts 
Write today for “Practical Miniaturization 


Booklet tells how Elgin makes miniaturization practical 


ELGIN NATIONAL WATCH COMPANY 


ORDNANCE DIVISION © ELGIN, ILLINOIS 
















Blue Ribbon Winners of 1956 
The 453 selected 


TOOLING CHAMPIONS 


plus 27,898 runners-up 


The best and latest in tools, machines, inspection equip- 
ment, automation devices, controls and accessories to cut 
costs and boost profits — many never before shown anywhere. 


For the small plant 
For the intermediate plant 
For the big plant 


See them at ASTE's Greatest Shou 


Sponsored by the 32,000 men 
responsible for designing and 
selecting the best in production 
equipment. Write for advance 
registration blank today 


Equally important, plan to 
attend the 5-day, all-indus- 
try conference covering the 
latest developments in man- 
ufacturing techniques and 
equipment 


i 
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What carries the current 
in the wireless chandelier of 
New York City’s Barbizon 
Plaza Hotel? The fixture ts 
constructed of gleaming 
Ineo Nickel tubing in an in 
tricate pattern acl thee 


ie 3 


tubing carries the current! 
Nickel tubing is light and 
rigid, too so the chan 
delier can be slowly rotated 
from above. The chandelier 
was designed by Richard 
Kelly and fabricated by 
bidlison Price both of New 
York Cit 


Re en” 


* 


iM 
1 

i 3 

4 

/ 
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A chandelier without wires! 


... and three other unique designs in Ineo Nickel Alloy tubing 


lheresasimuilarity i ll four tubing applica loys you also vet the advantages of fabric 
tions here ibility. high strength-to-weight ratio, hard 
In each. a needed combination of useful ness, rigidity, or other properties 


properties Is provided by Ineo Nickel or an So lor help in selecting the alloy that fit 
Inco Nickel Alloy. For example, in the chan your needs, call on Inco’s ‘Technical Service 


delier above: electrical conductivity plus Section, 
rigidity and light weight. Or in the radar an And, remember ou can get Inco Nickel 
tenna lens at the right: electrical properties Alloy tubing in all useful sizes from your di 
plus strength and corrosion resistance plus tributes or from redrawers who uppl il 
brazing facility. is fine as 0.012” O.D 
Perhaps your design requires a hard-to THE INTERNAT 
IONAL NICKEL COMPANY, INC. 
. find combination of electrical properties with 67 Wall Stre« New York 5. N. ¥ 
others such as thermal conductivity. non JN 
magnetic properties, resistance to corrosio INCO. Nickel Alloys 
r to vibration, shock. and fatigue. With these 
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aos 
Radar antenna lens use 
quar eannle tubin of 
Aireraft fire detector’s 0.065-in. diameter Nuclear reactors’ temperatures measured Monel® nickelecopper allo 
Inconel tube enclose two fneonel wires. A spe Inconel nickelchromium alloy tubs ihiost a Superior Dahle ¢ Ompanmy 
cial ceramic between them becomes conductive thin a ih poderuisc needle i both therme Norristown, Pa. recommended 
hen heated closes the circuit. The box flushes couple unit and ther iocouple protection tube Vonelto LTR Cireuit Breaker 
‘ irming Walter Kidde & ¢ ouppany Line Phe Inconel tube resists oxidation hieel hit { onpar eM Iplina, fon 
Belleville, No J. uses Inconel nickelehromium etup a heat barrier and interfere ithe wee i trength, corrosion re anes 
tlle because ot ithistaneds te perature up to of the readin Photo courte of Argonne electrical propertse md braz 
Vb. resist bration and shock tional Laborator Lemont, UM ut faeulit 






























A wide variety of smaller, lighter, more versatile linear and rotary actuators. One can 
he adapted to your specifications. 


© 25% smaller, lighter because gear train and motor blended into single, unique 


“a ‘a homoveneous unit 
or © 180,000 #/in.~ yield strength steel used in all gears. 
5 i @ New high stability limit switch can be adjusted internally or externally. 
4 L arnt noe’ - 
is idy ® Unique design positive mechanical stops 
~ » 6 ” 
eS aa ©@ Exclusive overload clutch dissipates extremely high forces in “impact” stopping 
“ner LINEAR ACTUATORS 
@ 0.0018" end play in screw and nut Specially designed acme screw made to AGMA 
pitch diameter standards but held to much closer tolerances than specified by any 
known standard today 
© Exceptionally long life due to new different continuous self-lubrication on acme 
screw 
® Rate adjustable from 1.6” to 30” per minute. 
ROTARY ACTUATORS 
@ 3:1 to 523:1 gear ratio range available. 
© 60° to 360° travel 
©@ 2) maximum backlash on output shaft 
T a acer ] 
Tyre NEAR LINEAR LINEAR | LINEAR ROTARY | 
| : ee | 
PAR N At ’ At 1 A 14 | ACT-249 A T-24 | 
| | - ‘ 
! wt R cone | + ‘ 3¢ 
} | } — 
NORMAL PERATIN 5 IN. PER MI 2.9 IN. PER MIN 0.5 IN. PER 200 RPM AT | 
RATE & LOA 10# IN. (MIN LOAD , 4 AD esos LOAD 2504 } w IN | 
| 
; } s_etdenenel 
EMP. RANGE an F TO 300° F | 65° F TO 260° f | 60° F TO 250° F 65° F TO 25 f | 65° F TO 260° F 
| | 4 
TAGE 28 V.D¢ | 26 VO¢ } 26 V.D« 28 V.0« 27 V.0« 
i 
1 A 4 - 








Write for further details, stating your requirements. 





Other products include Servos, AC Drive MANUFACTURING CO. 





Motors, D¢ Motors M otor-Gear-Trains, your rotating equipment spec ialist 
Fast Response Resolvers, Servo Torque 


Units, Synchros, Reference Generators, 








Tachometer Generators, and Motor Driven 


Blower and Fan 








Avionic Division 


RACINE, WISCONSIN 


{ssemblies 
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Now... SEALED DEPENDABILITY 
IN AN EXCLUSIVE 
DOUBLE-POLE SWITCH 





ba 


rrveonal 


Hl " 


Fiaeabal 


mae 







i 


ane 


4 


MODEL J2-4 
ACTUAL SIZE 


HERMETICALLY-SEALED 


DOUBLE-POLE SWITCH 


Seals Out Moisture, Dirt, Oil, Corrosion, 
Condensation from Temperature Cycling 


With switch mechanism hermetical 
J \ ly-sealed in a dry, inert gas, switch 


is dependable at any altitude, mois 


ture or temperature condition. Use 
it on aircraft, machines where oil 
is @ problem, in areas subject to 


freezing or extreme heat or corro 


sive atmospheres, 





Eliminates Expensive and Bulky Relays, 
Extra Switches 


52-4 


tions 


can control circuit combina 


thot were tormerly possible 


only with complicated relays or a 


number of separate switches. Saves 


money, weight and space 


SPECIFICATIONS 





1 
‘ Electrical Rating—-10 amps @ 125/250v 
‘ ei) AC/ 30v OC Ind. 
> 7 ‘\ , Operating Forco—2'/y Ibs. 
fy- “* \ Weight—2', or. (4 oz. with actvator) 
- WW) TOGGLE ACTUATOR 
| “a | (constant or momentary contact) can be 
57/64 : furnished on switch. Fits AN-type teg- 
a. ——an * gle switch mountings. 
ly 2 ‘ 
LEADER INQUIRY SEKVICE CAI 


PRECEDING BACk OVE! 


eee 


r 
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Controls FOUR Circuits with ONE Snap 


Eight separate contacts and term 
nals permit many unusual circuit 

? 2) combinations. May be wired ex 
En yy ) ternally for D.P.D.T., 2 circuit; DP 

P — f S.T., normally open; D.P.S.T., nor 
. 4M : mally closed. Movable poles may 
TK | also be wired externally in series 
P tC“ “ to increase current capacity of 

yy 


switch or number of contact breaks 


for high 


voltage switching 


Starts, Stops or Reverses Three-Phase Motors 


7 Simultaneous action of two movable 
: poles permits switch to break or 
ore. ae reverse current flow through two 
» < : ae windings of a three-phase motor 
. oe eee Movable poles are interlocked by 
e unique design of switching mechar 
3 
> 4 ism, eliminating need of adjust 
s” 


SS r ment 


esemaeWRITE FOR CATALOG DETAIL Seeeee~ 
‘ 

ELECTRO-SNAP SWITCH & MFG. COMPANY <> ' 
ni pee ' 

Attention HJD-1 @ 4220 Lake Street, Chicago 24 te ‘ 
Please send full information on new J2-4 Hermetically Sealed ; 
Simultaneous Double-Pole Switch ‘ 
' 

Name . 
' 

Co s 
mpony 8 

' 

Street s 
' 

' 

City Zone State 1 
' 

af 


S| 





“KLIXON CONTROLS 


are thoroughly dependable 
and reduce design problems’’ 


Mr. Lou Hine, Jr., Chief Project Engineer, Morrison Steel Products, Inc. 


Jb535b 35503) 


} 


The Mor-Sun furnace, illustrated, is but one of the complete 
line of high BTUH output gas and oil furnaces manufactured 
by Morrison Steel Products, Inc. 
lo insure accurate temperature control and to prevent burn- 
outs in the fan and oil burner motors, their engineers specify 
and use Klixon Thermo-Snap* Temperature Controls and 
Klixon Motor Protectors. 
Here’s what Mr. Lou Hine, Jr., Chief Project Engineer, has 
tO say — 
“We have used thousands of Klixon Controls on our heat- 
ing equipment for over ten years and have found these 
thermostats and overload devices thoroughly dependable 
and they reduce design problems toa practical minimum.”’ 
Designers and manufacturers seeking accuracy and efficiency 
in temperature control rely more and more on Klixono 
Chermo-Snap Controls. 
Klixon Thermo-Snap Controls are available in many her- 
metically sealed and open types in a wide variety of operating 
temperature ranges. Write for complete information, today. 


METALS & CONTROLS CORPORATION 
SPENCER THERMOSTAT DIVISION 
101 FOREST STREET, ATTLEBORO, MASS. 
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Advancing the Design Engineering Function 


If HAS TAKEN A LONG TIME to establish the im 
portance of the design engineer in) our in 
dustrial economy. kor years the engineerin 
and CCOMOTILIE problems hac Wig the equipment 
user on the plant application level were em 
phasized in’ most) publications servin in 
dustry. The equipment designer often had to 
ret ideas by osmosis or reading between the 
lines 

It was not until the late twenties that 
publishe rs began to take cognizance of the de 
sign engineer and the important part he 
played in the selection of materials and com 
ponents that were built into the ultimate prod 
uct. Publications like ELecrricat MAnurac 
rURING were conceived and launched to serve 
the design engineers interests specifically 
to help him solve his problem invVthing that 
related to design decisions 

Likewise, those responsible lor industrial 
exhibits have almost invariabl timed thei 
appeal at the interests of engineer ind ex 
eculives 


responsible for equipping a plant and 


Metals 
Show and the Chemical Industries | xposition 
the Textile Machinery Show. to name a few 
even the Machine 


lool Show Iniportant as it w Irom a design 


keeping it runny elliciently V hie 


are typical ol 


uch appeals 
point of view, was staged 
stimulate purchase of new machine ind to 
increase obsolescence and the rate of equip 
ment replacement in the plant 

It is significant to report, therefore, that 
at long last a show and related technical con 
ference are being projected to attract and in 


form design designers. The Design Kngineer 


principal lo 


i Show and Conference have been set for 


May 14-17 at Philadelphia 
Clapp & Poliak, Ine 
and materials will be exhibited that can be 
No plant 


item will appear. Such an exhibit is long over 


produced by 


A\ll Ly pes ol components 
designed into original equipment 


clue 

It is ignificant too that the Conferenes 
to be held concurrently is being sponsored 
by the Machine Design Division of the Amer 
ican Society of Mechanical Engineers. Ever 
since its formation in L947, this professional 
roup has attempted to enhance the design 
rineerir lunetion from its first presenta 

right through ipplications in 
indust participation in this national 


conteren opes to further stimulate in 
ind plannin or better ce 
Conference detailed 
recruit 
neers to the 
ether with 
red under the he 
value anal nd trends in materials and 
design technique 
lhe progran in the hands of an ASMI 
\uxiliar Pape Committee composed 
the editor ol ur design engineerin 
lications: Product Engineerin Machine 
ign Vateria Vethod nd bhiuREerry 
MANUPACTUL The public ihion thie 
resent are happy to lend their prestige 
sponsorship of the conference and ey 
because both tie in with publication 


tives, namely of being of service to the 


engineet 
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Precision Potentiometers— 
Characteristics and Limitations 


The precision potentiometer is a prime example of how good design can bring the very high 


degree al ACCHUTACY Once needed only in sper talized laboratory applications lo a device needed 


iL MLSS production quantittes, Potentiometers are extensively used in widely divergent applica 


lion with environmental conditions sometimes very severe, This arti le revtICWS they quality 


criteria and applu dation factors 


bis rar hlOMETEI VA DERIVED FROM. the earl 
hide wire and rheostat. both of which were primaril 
power deve These device illowed a drop in vollave 
ross the resistance, which could be varied in magnitude 
md which was usually capable of dissipating consider 
ible power Lhe principal use ol the rheostat. therefore 

to act as an adjustable resistor for varying the volt 
we ina eurrent of a cireuit ‘ uses for these 
power dissipatir vartable resistor were Settin the 
output voltage level of electric generators, field and arma 
ture controls for trolle mote ind calibrating labora 
lo mstrument V hie potentiometer came imto wide use 
im radi receiver where tt commonly used to rdyjust 
i vollave level fo operation ol the et As such 
il ipplication | ‘ it all critical, and a resistance tol 
erance of 20) pet common 


The precision nliometer on the other hand, ma 


have resistanes 0 Tie of | per cent and smatiles 
with toleranees on linearity or conformity a traction of 
bo per cent Phe most important characteristi of 
Ciston potentiometer are 

1. Hiehdly precise relation of the haft rotation to the 
output vollaue 

» A high degree of resolution, that is..a very small 
ingular motion of th haft will produce a measurable 
ollave change in the output 

3. Low temperature coefheient for resistance element 


14 the resistance of the material used 


(usually wire 
changes very litthe with temperature This is especially 
important in military equipment where extreme lempera 
ture variations are encountered 


L Small mechanical errors 


) Low electrical noise outpul 
lhe varied application of potentiometers has creat 
i family of these devices. each having its 


characteristics and purposes The are described below 


particular 


Single-Turn Potentiometers 


These are available in several different types of con 
truction, including those made of resistance wire (slide 
wire, wound mandrel, wound card), metal film and cat 
bon film. They may be further subdivided by funetion 
into general purpose, trimmer and sector potentiometes 
lypiceal units are shown in hi | 

Resistance Wire Types. Slide wire units are made 

i single turn of resistance wire and a contact slidin 

ong its surface They are used for infinite resolution 
vhen low resistance and minimum electrical phase shift 
ire required. In the wound-mandrel type, the resistances 

re is wound. either uniformly or space wound. around 
in insulated metal (usually enamelled copper) wire 
rod. The wound mandrel is formed into the shape of 
ind the contact moves along its surface from tur 
In the wound-card type, the resistance wire 
on an insulating card, generally a phenolic lam 
ite. Non-linear characteristics may be obtained in either 
the mandrel or card type by using different wire sizes 
the various portions of the potentiometer. In the card 
type. the sides need not be parallel. One or both sides 
may be shaped in a manner to give the desired non-linear 
characteristy 

Limit stops are not greatly favored in the majorit 

Therefore 


nearly all precison sin le-turn units are designed without 


present-day ipplications for computer usage 


integral stops Where limit st ps are required i maxi 





mum electrical continuity angele , 


of approximately Ov 
deg can be achieved. The maximum electrical functional 
angle in this case would be approximately 270 deg. There 
is a definite advantage in the use of the continuous rota 
tion types since the electrical function angle is increased 
to as much as 356 deg The mechanical rotation, of 
nominal functional angle 
320 deg (for the 


, to | join diam models) to 356 dee (fer the | jo to 


Course is continuous The 


Wailable will vary from approximately 


}-in. diam models). Pypical tolerances for the functional 
are 0.5 dee. and for the 


) ‘) deg 


continuity angle 


The potentiometer as a sensing (or nulling) device ts 
often required to vary in accordance with a prescribed 
mathematical function which does not vary linearly with 
the rotational angle of the shaft. This non-linearity can 
take many forms, the majority of which have a direct 
bearing on trigonometric relationships, such as sine, co 
sine, square, logarithmic and tangential 

Metal Film Potentiometers. | |i 


tentiometer has a metallic film which forms the resistance 


metal film po 
element. This film is deposited as a spray of molten 
metal on a base plate of high-temperature type material 
such as glass. This construction permits operation at 
ambient temperatures as high as 225 C and has a low 
temperature coethcient of resistance. This high tempera 
ture rating. together with infinite resolution, and linearits 
tolerances to better than L per cent: (approximately 0 
per cent make this a very desirable form for militas 
urborne epplications 

Carbon Film Potentiometers. [his ty)» 


ometer uses a thin film of deposited carbon material as 


praotents 
the resistance element. The resistivity of the carbon com 
pound can be readily controlled so that a wide range 
of resistance values are available. Owing to the nature 
of the carbon film potentiometer, the maximum dissipa 


W pet 
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tion rating is usually of the order of one watt 
pressure must be very light in order to 
of the element. Linearity tolerance as close as | per cent 


This type is highly 


solution and high resistance are 


is available desirable where infinite 
required. Howevet 
for high temperature operation, the metal film potent 
ometer is to be preferred, 

Trimmer Potentiometers. |hiis is the nam ven 
to those elements. in an electrical system, which are used 
to calibrate the system so that it functions in a preseribed 
manner. This form of the potentiometer is usually smalles 
in size. and possesses lower functional accuracy. since this 
is not a prime requirement 

The single-turn version is typically from 1 to | in 

diameter, and is obtainable either as a wire-wound 


or as a carbon film type. The linearity tolerances avail 


each Litton Industre I 


big. | Pypical single-tturn precision potentiomet 


\) Card 


construction. Clarastat Mi Co 


ound unit showing internal 
Ine KB Hall-ineh diam trimmer potentiometer ith crew 
hatt and lock nut. dee Klectronic Associate ( Mini 


ilure ¢ avd wound unit howing contact De fur fimisco ¢ orporda 


driver 


fion I) Single ind aig mounted tinea having everal tup 
bilmPot metallic filmi potenti 


ometer. Fairchild Controls Corporation 


ible ranve trom Ooo per cent loo pet cent dependin 
Ze The maximum resistance available may run a 
as 100.000 ohms in the L-in. diam typ Wher 


electrical resolution required, the carbon film t 


potentiometer isu ed llowever. the linearit in 
bon film potentiometer i not oa inns thee 
ound type 


Sector Potentiometers. > 
ied to 


translate mall meremer 


displacen 


licort «ot | 


ultitorn precision potentiometer \ len 
turn unl istanes wire yound on insulated copper 


mandrel hich is formed into a helix 


Helipot Corporation 
infinite resolution unit Note that ive 4 


lifted out of groove by contact. G. M. Giannini & Co 


Ib Spiralpot 





Wiper motion alone a narrow are (the effective winding 
of the potentiometer would be a sector), actuated by a 


transducer 


Multi-Turn Potentiometers 


Similar functions are available for multi-turn potenti 
ometers as were presented in the single-turn case. ‘Typical 
multi-turn potentiometers are shown in Fig. 2 

Infinite resolution is often required where the discrete 
steps of voltage change caused by the turn-to-turn volt 


age gradient on the resistance winding is objectionable 


This condition requires an output voltage which is step 


less with rotation of the shaft. A single slide wire, of 
up to 40 turns, wound upon a cylindrical form, can 
supply this type of stepless output It has a severe limita 
tion in the maximum resistance that can be obtained by 


this design, which often prohibits its widespread use. 


Rectilinear Potentiometers 
This type offers several advantages: 
1. Excellent space factor. Since their cross section 
is usually square, with the length ranging from 1 to 6 


in.. they lend themselves to stacking, where space is a 
problem. 

2. Up to four windings may be obtained in a single 
enclosure, each with a separate wiper connection and all 
four driven in tandem, 


}. Specified linearity tolerance ranging from 0.25 to 
| per cent. 

b. Optional methods of actuation. The wiper may be 
moved by a push rod attached to driving mechanisms 
in rectilinear motion Franslatory operation, whereby 
the rotation of a worm drive moves the Wipe assembly 
in a straight-line path, is also feasible. Fig. 3 shows sev 


eral rectilinear potentiometers. 


Application Factors 


Although the basic pring iple of the potentiometer is 
very simple, several electrical, mechanical and environ 
mental factors must be considered if optimum perform 
ance is to be obtained. These factors include such things 
as the effects of circuit loading on linearity, phase shift- 
ing, means of increasing the resolution, effects of me- 
chanical stops, operating temperature, materials and fin- 
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big. 3 Reetilinear precision potentiometers. (A) Metlfilm infinite resolution 
unit. Technology Instrument Corp. (B) Cutaway view showing linear bearing, 


shaft, wiper and resistance element. Bourns Laboratories. (C0) Cutaway view of 


card-wound unit. G. M. Giannini & Co. (D)) Dual reetilinear unit having con 


ductive plastic elements. Markite Corporation 


ishes used. and the relationship of cost os performance 
These are discussed briefly below 

Loading. When potentiometers are used with a re 
sistive load. or in cascade, it is necessary to maintain at 
least a LO to | ratio and preferably 20 to | or more 
between the resistance value of successive units The 
loading etlect of a potentiometer or resistor on the im 
mediately preceding unit is such that a nonlinear output 
voltave variation results from a linear potentiometer. A 
family of loading error curves is shown in Fig. 4. ‘Po 
ininimize these loading eflects several tec hniques are avail 
able within the potentiometer structure, A tap can be con 
nected at the point on the potentiometer and a pad 
ding o1 compensating resistor can he connected between 
it and the LOO per cent end of the potentiometer This 
vives an improvement about 7 times in: linearity. 

In big » the uncompensated potentiometer with a 
resistive load of Ry, results in a voltage ratio variation 
characterized by curve ©. In order to approach the ideal 
curve 4 when the potentiometer is loaded, the external 
padding resistance RK, raises the output characteristy 


of the potentiometer iwhile unloaded) to that shown in 


o8 


curve Bo Vhus. a linear ratio can be realized with a load 
current, even though there is a load resistance connected 
to the potentiometer, to approach curve A. 

Compensating for a given load resistance can also be 
accomplished in some potentiometers with space winding 
techniques used during manufacture. The spacing ts 
varied between successive turns of the wire wound on 
the mandrel. A result similar to that of connecting a 
padding resistor externally can be achieved as shown in 
curve D of Fig. 5. 

Resolution. [he smallest increment voltage change 
with shaft rotation is often an important factor, In a 
precision potentiometer resolution is usually determined 
by the number of turns of wire used to make up the re- 
sistance element and is expressed either as a decimal 
equivalent to the reciprocal of the total number of turns, 


or as the total number of turns of a resistance element. 


The infinite resolution potentiometer is made up of a 


slide wire or film where the wiper moves along a con- 
tinuous wire or surface, as compared to the incremental 
increase of voltage in the wound potentiometer where the 


slider moves from one turn of wire to the next 
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Temperature. Where potentiometers are subjected 
to a wide range of temperature or temperature shock 
conditions it is necessary to consider the temperature 
coelheient of the wire and the temperature characteristics 
of the insulating materials, the fungicides and the diffes 
ential expansion of the metal parts. In many cases when 


considering the change in resistance due to temperature 


variation, use of similar temperature coeflicients for the 
potentiometer, its trimmers, and associated components 
will often be sufficient to keep an instrument in calibra 
tion over the required temperature range 

Phase Shift. When operating precision potentiometers 
on 400-cycle power with low input level high-gain am 
plifiers the amount of phase shift in the potentiometers 
can cause quadrature saturation of the amplifiers. ‘To 
minimize this effect. a compensation method may be 
used. It consists of placing two taps at the 20 per cent 
and the 80 per cent points of the winding and connes ting 
a small capacitor from each to the nearer end of the 
potentiometer, This reduces the peak quadrature output 
voltage by a factor of five. 


The major reason for phase shift in the potentiometer 
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is the capacitance between the resistance wire and the 
copper mandrel upon which it is wound. Phase shift 
problems may be reduced by using an air-core mandrel, 
rather than copper, for the wound resistance element. It 
may be eliminated by using a slide wire or deposited 
metal potentiometer 

Since the precision potentiometer is a precision eles 
tro-mechanical device. it should be manufactured with 
rigid mechanical criteria. High mechanical precision is 
also necessary to maintain the desired relationship be 
tween voltage ratio and input shaft rotation. This is also 
to maintain minimum hysteresis or difference in voltage 
ratio resulting from approaching a given angular posi- 
tion from either direction. For example, when using a 
10-turn O.1 per cent linearity potentiometer, an angular 
error greater than 0.36 deg will exceed the nominal 
linearity and will not allow for variations in the resist 
ance wire. In high accuracy potentiometers the mechan 
ical errors should not exceed 3 to 6 min of rotation. 

Mechanical Stops. Stops are used to limit the 
mechanical rotation of the potentiometer In recent de- 


signs the mechanical stops are isolated from the electrical 
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by load resistor of various relative values. Helipot Corp 
/ / 
circuit so that the linearity and resolution are not af 


lected in any way. The limit stops vary in their maximum 


torque limitation from 3 in.-lb to well over LOO. With 
high torques, it is necessary to evaluate carefully the 
tooth loading on gears immediately involved with the 
potentiometer I hie potentiometer retaining clamps the 
potentiometer gear clamp, and the plate upon which 
the potentiometer is secured must all be designed for 
the maximum anticipated static and dynamic loading 


With some of the limit slopes capable of withstanding high 


torque it is feasible under some conditions to use the 
built-in limit slop lor an entire system. 
The lops are enerally travelling nuts which move 
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shaft mounted internally and 


are in 


along a threaded engage 


projections which shear with the nuts at the ex 


tremes of travel. This is shown in Fig. 6. In some cases, 
the stop restrains the wiper arm itself and can interfere 
Potenti 


ometers with this type of stop should never be used where 


with the electrical linearity if it is over-stressed 
they might be subjec ted to excessive stressing. 

Materials and Finishes. Materials and 
most specified to be con- 
sistent with most of the requirements of MIL-E-5400 and 
MIL-E-5272A. They 


befall synchros, servo 


finishes of 


precision potentiometers ate 


are subject to the same ills that 


motors, etc. where bearing failure 


under salt spray is a problem. If cleaning the bearings 
following the salt spray test is allowed, that test can be 
passed 

Environmental Factors. | hi 


lighter and more efficient components and equipment has 


trend toward smaller. 


created design problems 
bly of typical packages into a 
feasible 


mately the same heat, there may be a potentially serious 


This has permitted the assem 


volume not heretofore 


If a miniaturized component dissipates approxi 


temperature condition. Since potentiometers must often 
be located near heat producing components, temperature 
can exist at the potentiometer, 

In many cases, the precision potentiometer 1s mounted 
by means of a flange to a mounting plate which is often 
aluminum. Heat producing components are often sim 
ilarly mounted so that the mounting plate becomes a 
thermal sink 


is specified for an equipment, this temperature rating will 


lypically, where an 85 C maximum ambient 


apply only to a potentiometer which is not mounted ad- 


jacent to a heat produc ing part 


The more usual case is one where a motor, experien 
ing a 40 dee C ise over ambient temperature, Is mounted 
adjacent to a precision potentiometer, whose heat dissi 
pation is negligible. The temperature gradient, through 


the mounting-plate heat sink, could expose the potenti 


ometer to a 10 to 20 deg 


temperature of approximately 


C above the ambient. This demonstrates that a potenti 
ometer derated to zero watts at LOO C could handle very 
; big. 5 (left) Curves showing how loading 
ae effects may be overcome by compensating 
y 
resistor across portion of potentiometer 
Saemalt 
' 
te Pinned end -_ 







Traveling nut 


\ . Potentiometer 

~ ~ base 

a 

Fig. 6 Typical travelling nut limit 


stop as used in precision potentiome 


ters. Litton Industries. 
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little or no power at an ambient of 85 C without deterio 
ration, 

Hermetical sealing is required for operation at high 
altitudes. Heretofore, the limitations of backlash in the 
sealed drive and imperfect sealing prevented the use of 
hermetic sealing where high accuracy and reliable serv- 
ice life were necessary. Present refinements permit a 
shaft actuator, operating through a sealed bellows, to 
operate the wiper within a sealed case with negligible 


backlash. 


cedures, together with use of inert gases at positive pres 


Also, improved evacuation and sealing pro 


sure, have made possible a reliable high-altitude precision 
potentiometer. Increased body length due to the bellows 
assembly, amounts to approximately %4 in. 

The dissipation rating of a potentiometer is the maxi 
mum recommended power it can dissipate as heat with- 
out degradation in performance. The present military 
specification JAN-R-19 on wire-wound potentiometers, 
rates this maximum dissipation at a maximum tempera 
ture of 40 C. Beyond this temperature the unit is derated 
linearly to zero watts at 80 or 85 ¢ 

The availability of high temperature materials has ex 
tended the temperature range of potentiometers. lor 
example, many units are available with full ratings to 70 
C, derated linearly to zero watts at from 105 to 120 ¢ 
Others, using still better materials and techniques, are 
usable at 200 ¢ 

Fig. 7 shows a typical derating curve for a rheostat 
connection, both for a metal and phenolic housing 
Note that the power-handling ability with the metal 
housing is better because the metal serves to conduct 
heat out of the winding. It should be understood that a 
power rating is based on a specified temperature rise 
of the winding at a specified ambient temperature. These 
two figures can be considered additive for the lower 
ranges of temperatures under consideration. However 
with a metal housing, the average temperature of the heat 
sink or mounting plate plays an important part in’ the 
amount of heat that can be conducted away. Reduction of 
heat sink temperature by improved layout of the com 
ponents should benefit the performance. 

One of the important criteria in the choice of a suit 
able potentiometer is the price vs accuracy. Sound design 
objectives should emphasize the use of the worst practi 
cal linearity accuracy for the desired system performance 
For example, if a 10-turn potentiometer is desired with 
an accuracy of 0.015 per cent instead of 0.025 per cent 
the cost is about doubled. In general prices for similar 
standard units from various manufacturers do not differ 
to any significant extent. 

There are occasions when it may be beneficial to at 
tempt to go beyond the normal restrictions of even. the 


more precise potentiometers lo improve the resolution 


hig. 8 The Vernistat, an auto- 
transformer with an interpolat 
ing potentiometer, It is useful 
in a-e circuits where high input 
impedance and low output im- 
pedance is desirable. Vernistat 
Div. Perkins-Elmer Corp 
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Fig. 7--Power derating curves for precision potentiometer 
connected as rheostats. Note greater dissipation capability of 


metal-cased unit 


characteristic of a potentiometer, ganging two or more 
units of proportionately higher resistance and parallel 
ing all similar terminals will result in the originally re 
quired resistance value, with resolution improved almost 
directly with the number of units ganged together. Al 
though all the units be indexed together accurately with 
in the linearity limits, the several wipers do not step to 
the next wire turn simultaneously This gives the effect 
of consecutive stepping wipers 

Care should be exercised in the operation of ganged 
limit stops. They probably will not share equally the 
applied torque The normal ratio between winding length 
and insulating length on a potentiometer mandrel is 60 
to 40. The General Scientific Division of San Fernando 
Electric Manufacturing Company has developed winding 
techniques for a ratio of &5 to 15, with an improvement 
in resolution 

The Vernistat, shown in Fig. 8 is an a- potentiometer 
manufactured by Perkin-klmer Corporation It is a 
tapped auto-transformer with an interpolating potenti 
ometer to combine high input impedance and a low output 


impedance The LOO-eps unit has an input impedances of 


65,000 ohms and an output impedance of less than 130 
ohms 
eee 
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Evaluation 
0 


Motorette 
Insulation 
Systems 


The Bureau of Ships and the Naval Re 
search Laboratory are engaged in a con 
finuinyg study of the motorette. basis ol 
the new ALLE Test Code 1C. Problems 
in correlating motorette test results with 
actual motor insulation performance in 
service are dise ussed here. As ad progress 
report. the results of thermal aging tests 
on three Class A insulation systems are 
presented, fmong other conclusions, it ts 
indicated that moisture condensate during 
humidification exercises a strong influence 


on insulation life. 


EE. L. BRANCATO AND R. S. PHILLIPS 
Navat Researcu Lasoratory, Washington, D. ¢ 





Pik RECENT INTRODUCTION OF THE “motorette” (1) 

permits the evaluation of motor insulation systems at a 
considerable reduction in effort and testing equipment. 
The American Institute of Electrical Engineers has 
adopted the motorette unit as a representative model of 
motor and has developed a test code that specifies the 
manner in which these models are to be built as well as 
the aging and testing procedures. (2) As part of their 


joint. study of insulation system. the Naval Research 


Laboratory and the Bureau of Ships have proposed the 


following modifications in the test code: 

| The motorette frame to be cadmium-coated and 
finished with a chromate treatment to prevent excessive 
oxidation of the metal and to retain the conductivity 
needed to sense electrical failures. 

2. The glass-laminated terminal blocks to be replaced 
hy porcelain stand-off-insulators to reduce surface leakage 
and cost 

$. A standard aging eycle to be required of duration 
equal to about one-tenth the length of the expected 
ai\e rape life. 

L. Excessive thermal shock to be eliminated by re 
quiring a rate of cooling and heating of the specimens 
not to exceed 6 C per min. 

>. Dielectric stressing procedures to be made more 
practical by permitting the removal of specimens in a 
plastics cover from the humidity chamber and by apply 
ing all voltages simultaneously. 

6. The first observed failure to mark the end of the ‘ife 
of the motorette. 

\ standard statistical method (3) to be emploved 
in the analysis of the experimental data 

With the exception of the fourth proposal these modi 
fications were adopted by the AIEEE Rotating Machinery 
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Fig. 1—Motorette aging characteristics and confidence limits 
for the three insulation systems used in the Naval Research 
Laboratory evaluation discussed here. (See Table I for com- 
ponents of these systems.) Data have been plotted on a 
reciprocal absolute-temperature scale. 
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W~ Wire ulation resistance 


MVS Phase insulation resistance 


Nf Found insulation resistance 


hig. 2 Insulation resistance circuit of a motorette. 


Committee, Objection was made to this proposal by in- 


dustrial laboratories on the grounds that the procedure 


consumed excessive time. 


Despite improvements in the motorettes and in testing 
techniques that have already been attained, three basic 
problems have to be resolved before full confidence can 
be placed in the reliability of test results: 


1. It is necessary to establish sufficient correlation be 





tween the thermal aging data obtained from motors and 
motorettes, This correlation needs to be determined for 
a representative range of insulating systems. It is not 
expected that tests on a motor will indicate, for a given 
insulation system, a life identical to that obtained with 
its motorette model. It is necessary, however, that the 
slopes of the respective aging characteristics (on a co- 
ordinate system based on the logarithm of time vs the 
reciprocal of the absolute aging temperature) be reason- 
ably close for both tests, if reliance is to be placed on the 
motorette technique. 

2. It is important to be able to establish the practical 
validity of extrapolation of an accelerated thermal aging 
characteristic to a region of normal operating tempera- 
tures, 

$. The end-of-life criterion constitutes a third problem. 
It is evident that the accepted criterion in Proposed AIEE 
Test Code 1C (2) is not valid for all systems. Many in- 
vestigators are experiencing considerable difficulty in 
recording failures in insulation systems employing glass- 
served wire. It is felt that the failure criterion is closely 
related to the problem of insulation classification. The 
authors surmise that the existing reluctance to assign a 
definite time to the expected life of an insulating system 
may be based largely on the suspicion that the conditions 
that bring on failures during the operation of a motor 
may not be adequately duplicated in motorette testing. 

The authors have faith that the motorette is here to 
stay, but they feel impelled to justify their faith by con 
tributing to the solution of these problems. In cooperation 
with the Bureau of Ships, the Naval Research Laboratory 
has undertaken to continue the study of thermal aging 
techniques and to examine the aging properties of a 
number of insulation systems designed by H. P. Walker 
of the Bureau of Ships. 


Effects of Visible Condensate 

The procedure followed by NRL in obtaining aging 
data is that outlined in the AIEE Test Code with the 
modifications as previously stated here. The AIKE Test 
Code did not specify, however, the required degree of 
condensation on the insulating surface. Because, in gen- 
eral, the life of a motor is terminated by the formation 
of low resistance paths by contaminants bridging the 
yap between two exposed conductors or an exposed 
conductor and frame, it was concluded that a study of 
the effect of condensate as a contaminant would be 
necessary. 

live motorettes, chosen from Systems 1, 2 and 3, 
(Table 1) were aged at 200 C and placed periodically 
in a humidity chamber that provided visible condensate 
on the surface of the insulation. Simultaneously a second 
set of similar motorettes was aged in the same oven but 
was subjected to 100 per cent relative humidity without 
condensate. The results of these tests are listed in Table 
Il. These data reveal a significant reduction in the lives 
of the motorettes subjected to condensation as compared 
to those exposed to humidity only, in a ratio of 57 to 
100. It was also observed that condensation caused fail- 
ure following evidence of insulation flaking. On the 
other hand, motorettes exposed to humidity, without 
visible condensation, survived the flaking period by 
approximately 40 per cent of the total life. 

The operation of motors after the flaking period is 
reached is considered hazardous and unreliable. Con 
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Table tll—Aging Results at 200 C, Motorette Insulation Systems 1, 2 and 3 
(25-hr heat-aging cycle) 
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= Type of failure 
Failure | Motorette | rd Aging, hr | Turn-to-turn | Turn-to-turn Top coil Bottom coil |Undetermined 
No. No. o tofailure | top coil bottom coll § Phase teoground | toground coil to ground 
: " & 175 x 
200 x 
3 3 $ 225 x x 
4 5 ao. 225 x xX 
1 i lal g ; : 
se 
7 8 = 275 x x 
8 4 3 275 xX x 
9 2 & 325 x x 
10 6 350—Estimated life; test terminated at 325 hr 
1 10 200 ye We 
2 b 5 250 x 
‘ s |e. | = x | 
5 4 : 325 x 
+ | Py !' 
8 2 3 350 x 
9 3 & 350 x 
10 7 350 x 
1 4 200 x 
2 8 E 225 x 
3 4 2 250 x 
4 5 an 250 x 
5 7 : 275 x 
6 1 52 325 x 
7 3 = 325 x x x 
8 9 3 325 x x 
4 10 E me} x x x 
10 2 375— Estimated life; test terminated at 325 hr 
*See Table | 
Table IV—Aging Results at 180 C, Motorette Insulation Systems 1, 2 and 3 
(86-hr heat-aging cycle) 
E Type of failure 
g 
Failure | Motorette > Aging, hr | Turn-to-turn | Turn-to-turn Top coil Bottom coil Undetermined 
No. No. ° to failure top coil bottom coil Phase | to ground to ground = |coil to ground 
1 10 516 x 
2 5 E 570 x 
3 4 = 656 x 
4 9 e 742 x 
5 2 ars 828 x 
6 # $$ 828 x x 
7 6 = 914 x 
8 1 3 914 x x 
9 3 z 914 x 
10 7 eT 1086 Estimated life; test terminated at 914 hr 
1 10 430 2 
2 2 E 516 f 
3 5 = 570 x 
4 6 & 914 x 
5 8 on 914 x 
6 9 = 3s 1000 x 
7 4 = 1086 x 
8 3 = 1086 x x 
9 7 c 1172 x 
10 1 is 1344 Estimated life 
Sess) a 516 x 
2 6 Ee 742 x 
RR ee § 828 x x 
4 3 Bn 828 (damaged by accident) 
5 10 ; 914 x x 
ee oe 53 914 x x 
7 5 = 1086 x 
8 7; ie 1086 x | x 
4 4 = 1086 x 
10 4 1086 x 
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densation during a humidity cycle thus appears to pro 


vide a useful tool to define the end-of-life point of an 


aved insulation system. It was observed, however, that 


the moisture droplets formed varied considerably in 


~I7t from specimen lo specimen The lack ol uniformity 
in the formed droplets will) cause an 


Variation in the component which diminished the test 


ing effectiveness of this tool 
burther attempts have 


condensate of controlled droplet size for future aging 


procedure Moisture con 


hut without complete success. 


apparent life 


been made to provide visible 


densation is dependent on the characteristics of the 
humidity chamber as well as on the surface tension of 
the insulations being exposed. A chamber has been built 
that promises to provide relatively controlled condensate 
on a uniform surface but the problem of exposing in- 
sulation with various surface tensions still exists. 
Because the control of condensate during a humidity 
cycle has not been solved, aging data have been obtained 
by employing a humidification cycle of 100 per cent RH 
with no condensate. Failure data have been tabulated in 
Tables IIT to VII inclusive, as indicated therein. The 
regression analysis method was used to calculate the 
average life characteristics of the insulation. (3) In 


addition, 95 per cent confidence limits were calculated. 
(See hig. 1.) 


Individual Components Evaluated 

lt was recognized that additional valuable data could 
he obtained if the motorettes were aged beyond their first 
failure, in fact until each component failed. This pro- 
cedure could lead to clues on the behavior of each com- 
ponent in the system, on conversely could help to assess 
the influence of a composite system on an individual 
component. Through these means it should be possible to 
spot an incompatible design. 

Unfortunately there would be some difficulty in obtain- 
ing complete data, since it will not be possible to deter- 
mine, by electrical detection. the time of occurrence of 
all possible combinations of failures on each motorette. 
This difhieulty results from leakage paths created in the 
insulating system following failures. To illustrate, refer 
to big. 2 and assume that one coil of phase 1 fails to 
ground a voltage check. A subsequent check on one coil 
of phase B reveals a ground failure and a phase failure 
when measured between the two coils in question. Be- 
cause of the leakage path created from coil, phase A, 
to ground there is no certainty (except by visual inspec 
tion, if possible) whether the subsequent failures are 
only to ground, only between phases, or both. Since it 
is impossible, by electrical means only, to catalog the 
sequence of all possible failures in a motorette. it follows 
that the data obtained would be spotty. A. statistical 
treatment of the data however may make this procedure 
worthwhile. 

When a method for evaluating all components was 
adopted, the tests at 200 and 180 © had already been 
completed, consequently data are available for the 160-C 
test only. As seen in Tables V to VIE all components of 
the systems were evaluated with the exception of the 
ground insulation and the remaining phase failures of 
System 2. These materials are Class B by definition; 
they possessed so much greater durability that evalua- 
tion at this temperature was impractical. A comparison 
of the average life of the individual components of the 
three systems of motorettes at 160 C is presented in the 
following table. Average life is hereby defined as the 
antilog of the average of logarithms of failure times of 
individual motorettes: 

Sys Sys Sys 
tem 1 tem 2, tem 3 


hours hours hours 
Initial failures of motorette 1476 2748 2228 
Ground ° 1545 2660 
Phase $388 * 
Coil 1758° 2985° 2432 
(*Mean life obtained by extrapolation because the test 
was terminated several failures short of completion.) 
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Since the 160 C tests were the only ones operated to 


omplete destruction, insufficient data are available to 


: Table Vii—Aging Results at 160 C, Motorette 
establish life-temperature characteristics for the indi- Insulation System No.3 
vidual components when aged in a composite system. 


Future evaluations will include all components and will, (Approximately 256-hr heat-aging cycle) 


of course. permit better analysis of the system 





Hours to failure 
Discussion of Components re 


All insulating materials employed in Systems 1, 2 and Failure tnitial failure Coil Ground 
$ were obtained from Navy stock with the exception of No. ef motorette failure failure 
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the rope paper and acetate film materials. 1 1560 1560 1816 
As seen in Fig. 1. the system experien ing the longest : ad baa 
life was No. 2. This greater endurance is apparently in 4 2022 2022 
, fluenced by the fact that the phase and ground insulations 5 2278 2022 
for this system are Class B materials. The mica ground of an 
insulation proved exceptionally durable and experienced : a = 
+ only an occasional failure. The varnished glass phase 
material, in contrast, experienced many failures. The c 2780 2534 ei 
poor characteristics are attributed to the deterioration of 12 
the varnish which renders the glass cloth an inetlective 13 z 
barrier to leakage currents when humidified 15 : 
System No. 1 demonstrated the least amount of life 16 7 
due to the weakness of the fishpaper vround insulation 2 3048 < 
The rope paper and acetate film ground insulation of 19 3046 
System No. 3 was intermediate in aging qualities. In 20 3302 
ability to determine the existence of a phase failure when 
i breakdown to ground has already occurred. made 
impossible an evaluation of the phase insulation of Sys 
tems | and 3. It is apparent, however, that the varnished 
imbrie phase material of Systems 1 and 3, possessed used mica-glass plus organic varnish for ground insula 
reater thermal stability than the ground insulations. As bai organi varnished  fher-elas phase insulator: 
to the comparative durabilities of the varnished cambric care: Sesanee sneieat shen: ateanmateenion waaiieinn ' 
and the varnished glass materials. litthe can be said [he most stable component of the system was the ale i 
because of lack of data. ground insulation and the least stable was the Formex 
The three systems discussed in this report employ omsiak ele avacion 
identical magnet wire coils (see Table | The wire was }. System No. 3 appeared to contain the most balanced 
selected from a group of reels in a random fashion. A set of components whereas System No. 1 was handi 
review of Tables IV to VI inclusive reveals the significant capped by the poor performance of the fishpaper slot 
fact that the failure pattern of the magnet wire is related a 
to the behavior of the ground insulation. Svstem No. | 
incorporating a poor slot insulation, had comparativel Acknowledgement 
lower wire life, while System No. 2. employing the Cla 
B mica slot liner, displayed superior magnet wire life : seas investigation ns ee yee eer » sti | — ul 
While the evidence of a relation between the life of the ranch and by the Plastics Branch of the Bureau of Ship 
magnet wire and that of the slot liner is fairly convinein eee een eo. Seen rere i ee 
be it is premature to draw a firm conclusion until more nen stadia demas aed ester a ae 
data have been gathered. : 
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, 1 . 
Preliminary tests indicate that visible dr pl ts of “A Statistical Method for Predicting Insulation Life in 


Motors from Experimental Data,” W. H. Horton, ALEF 
Conference Paper 10-54 


ondensate may be capable of duplic ating the action of 
contaminants on insulations that flake, if the condensate 
can be uniformly controlled. 






4 “ 
ore CO nec 40-npage epri en Ci I on 
st appears that the thermal stability of each com ; ; 7 mbin : | “6S , ys a “ trical In a . 
s 2 ane lielectrics 955, rrovides in bound form ; ectior 
ponent is influenced by the aging characteristics of the I "0 1 a Se 
; of articles that appeared recently in this publication, plu 
companion elements in the system. Additional data are \ 
: in annotated bibliog: iphy of earlier article Single copy 
needed to confirm this conclusion. 


price is $3.00 on order iccompanied by remittance. Should 


be addressed to J. A. Campbell, Director Reader Service 
the most desirable. (As noted in Table I, this system The ¢ re Publishing Co 1250 Sixth Ave New York 20 


L. Of the insulations evaluation, System No. 2 was 
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Practical Circuits for 


Grid Control of Thyratrons 


1 discussion of 36 fundamental grid-control circuits uncovered during a “depth-study” of the 


thyratron in industrial applications. Coverage includes on-off control with both a-c and d-c plate 


voltages plus a group of bridge-type grid circuits with both linear and non-linear elements. 


A Note From the Editors of 
ELECTRICAL MANUFACTURING 


For many years now the thyratron has topped the 
list of important industrial electronic se as a 
supplier of controlled d-c power. During this time, 
we have maintained a steady diet of articles planned 
to aid the design engineer in the application of 
thyratrons and thyratron circuits to electrically 
energized and controlled products. 

Herewith, we begin the most ambitious effort in 
our thyratron program. This article is the first of 
several by Messrs. Chin and Moyer summarizing 
all that is known about thyratron grid control 
circuits, We expect their efforts to remain un- 
challenged for some time as the most compre- 
hensive and lucid discussion of the subject. 

Later this year, the complete group of articles will 
be reprinted in one package that will be made 
available to our readers. 


NO ELECTRON TUBE HAS KECEIVED more attention from the 
designers of industrial equipment than the thyratron. Its 
ipplications include a variety of adjustable-speed electri: 
motor drives and innumerable switching function hsser 
tially the thvratron is i gi filled rectifie! th 
distinguished by the addition of a control gr 

facilit i th outstanding benetit that 


the way tow creased 


the thyratror 
id practical application data 
olten po » select rather than design the 
reuits needed to ac i desired type 
performance ie objective o it article 
present an array ‘ control cireul h the 
product designer can odify or combin © satisf 
his particular need 
Before beginning an analysis of the circuits for achieving 
grid control, it will useful to review a few of the facts and 
implifying assumptions concerning gaseous conduction in 
thyratrons, namely: 
\ Before the initiation of a gaseous discharge, a thyra 
tron behaves much like a high-vacuum triode tube. (1)* 
If the potential of the grid is sufficiently positive with 
respect to the cathode, gaseous conduction between the grid 
and the cathode may be initiated whether or not there is 


1 simultaneous discharge between the anode and the cathode 
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Therefore, a grid resistor (or other current-limiting element) 
is usually necessary to prevent excessive grid current if the 
grid excitation circuits are of low impedance. 

C—A gaseous discharge cannot be initiated between the 
anode and the cathode when the anode is negative relative 
to the cathode. A discharge which might take place under 
these circumstances would be termed an arcback and signal- 
izes a loss of rectifying action. 

DAs soon as gaseous conduction is initiated between 
the anode and the cathode, the anode-to-cathode potential 
drops from the initiating-potential value to the are-drop 
value. Under normal operating conditions the are-drop 
value is essentially constant and independent of the value 
of load current being conducted. 

EK -The magnitude of the conduction current is limited 
by the impedance of the anode circuit. A certain minimum 
value of current is required to establish and maintain a 
gaseous discharge. 

F—Once the gaseous discharge is established between 
anode and cathode the grid loses its control effect, and, 
except in the cases of abnormal values of grid voltage and 
current or minute anode current values, the magnitude of 
the anode current will not be affected by the value of the 
grid potential. Furthermore, except in the abnormal cases 
referred to, the conduction current can be extinguished only 
by the action of the anode circuit external to the tube by 
which the anode potential is reduced to a value less than 
the are-drop value or the anode current is reduced to a value 
below that required to maintain the gaseous discharge. 

(During conduction, the grid is immersed in the gase- 
ous discharge and thereby assumes a potential within the 
are-drop range. This also may require use of a grid resistor 

H—The time interval required for the negative potential 
of the grid to re-establish its control effect. after the 
interruption of the anode current, or after the anode voltage 
has been reduced to a value lower than the tube drop, is 
designated as the deionization time. The deionization time 
is a function of: 

a) the anode potential 
b) the grid potential 
c) the conduction current prior to extinction, 

For the usual types of thyratrons used in industrial con 

trol, the deionization time is of the order of milliseconds 
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Fig. 2 Cirenit comparing a positive-sense direct potential 
signal to a counter voltage E.. before applying it to the e 


vs +e» critical characteristic of the thyratron., 
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Control by a Magnitude Change in a Direct Potential of Correct Polarity 


\ large number of thyratron applications employ control 
circuits wherein the excitation for the grid cireuit: and/or 
the excitation for the anode circuit are sources of direct 
potential. Some of these will now be described in detail 

Off-On Control. Fiy. | shows a simple circuit in which 
it is desired to actuate a relay when the grid potential tends 
to be less than a critical negative value with respect to the 
cathode potential of the thyratron. Once the thyratron has 
fired to energize the relay, the relay can be de-energized 
and the thyratron reset by a switching means which will 
interrupt the anode circuit. Only a momentary interruption 
long enough for the thyratron to deionize, will be necessary 
\ typical application for this circuit would be to operate the 
punch magnets by which holes are punched in accounting 
hae hine cards, 

The critical value of negative grid potential at which the 
thyratron will fire depends upon the —e, vs +-es character 
istic of the thyratron at that particular value of anode sup 
ply voltage Eo». This circuit compares the magnitude of the 
applied grid signal to the static critical characteristic of the 
thyratron. Correct polarity of the signal voltage is recog 
nized by the fact that only a sufficiently negative value of 
grid voltage will prevent conduction. The repetitive accuracy 
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is dependent upon the constancy of anode-supply voltage 
Kew and of the critical characteristic of the thyratron, The 
use of a thyratron with an inert-gas filling minimizes any 
change of critical characteristic with ambient temperature 
changes (which would be quite pronounced if a mereury 
filled tube had been used). Other factors to be considered 
are the effects of a change of heater voltage upon the 
the effects of a loss 


sion as the tube ages: the adsorption of the inert-gas filling 


r 


critical characteristic of cathode emis 
into the structural parts of the tube; and the contamination 
of the grid structure by cathode-emitting material (this is 
the most serious ) 

big. 2 shows a circuit arrangement which may be an 
improvement on the simple circuit of Fig. 2 if the grid 
signal voltage could be increased greatly in magnitude and 
the excess amount blocked out by means of the bias or 
reference voltage, Eee. Suppose that the value of Eo» is such 
that the thyratron fires just when the grid-to-cathode voltage 
is —5 volts. Then suppose that the grid signal voltage has 
a magnitude of +100 volts and is opposed by 106 volts 
of bias, Eee. The actual net grid voltage will be —6 volts, 
which is more than enough to prevent conduction. To allow 
conduction, the grid signal voltage need only change to 
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lay (sreus comparing i negative tine direct potential 
ignal to a counter voltage J before applying it to the ls 
i e eritieal characteristic of the thyratron 
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O) volt that the actual net grid voltage will be ) 
i | chunge of | parton LOO parts on | 
change in the grid ivnal oltage 
Now uppose that omething happen to the eritical 
haracteristic of the thyratron so that firing will not oceur 
until the grid voltage i 1 volt This value represents a 
hange of 20 per cent in the original value of » volts 
required to prevent conduction, However, the grid signal 
voltage need only change from the original value of 100 
volt oOo a new ilue of 102) volt to make the net grid 
voltage } olt thi represent i change of only 2 per 
cent in the grid signal voltage. Thus, a 20 per cent change 


in tube characteristic requires only an additional | per cent 


change in signal voltage a 


compensation, But, there is a 


price to be paid in that the 


circuit is more dependent than 
ever on the constaney of bia voltage } 
The cireuit of bi a uch that of the rid signal voltage 


failed, the wri of the th would become me 


voltage I and the 


non-conductive Thi ma or ma not bye 


ratron yative by 


the wmount of bia 


thyratron would 


hecome i desirable 


feature depe nding upon the end use of the relay mechanism 
However it doe point up the fact that there may be a 
practical limit to the value of the bias voltage. because the 
tube manufacturer sets a limit on the voltages which may 
he applied between any two electrodes within the tube 

lhe ctreun of | > reverses the polarity of bias voltage 


Kee and derives it from a portion of the anode 


voltage Thi 


require Irom a greater 


s that the grid voltage 


signal decrease 


nepative 


of the 


value to a lesser value in order to allow conduction 
that if the fails, 
the grid of the thyratron will become positive by the amount 
of voltage I <o that the This 


demonstrates the a device 


thyratron. This mean grid voltage 


thyratron will be conductive 


importance of grid resistor ry a 


by which to limit the value of grid current 


whi h would 


result 
In the circuit of Fig. 4 


otherwise 


the grid potential is preset by the 


bias source / as the 


and the signal voltage is introduced 


voltage source Kos. Thu when anode voltage Em 
reaches a value corresponding to the Eco value on the 
Co US +e critical characteristic, the tube will fire to 
energize the relay coil. No reset contact will be needed in 


the anode circuit if the signal voltage Fe» can be reduced 


to a value less than are drop value so that conduction can 


cease long enough for the grid to regain control after de 
ionization takes place 
Saw-Tooth Oscillator. Fig. 5 is a practica) application of 


the principle outlined in the simple circuit of Fig. 4. This 
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the circuit of a simple “saw-tooth” voltage wave generator 


as used in early models of cathode-ray oscilloscopes to 
produce the horizontal sweep pattern. Adjustment of grid 
voltage ¢, determines the magnitude to which the capacitor 
voltage rises before the thyratron fires and discharges the 
capacitor. Then, the capacitor voltage rises again, and the 
Anode 
cluded to limit the peak current through the thyratron at 


the moment of discharge. In some 


pattern repeats itself continuously resistor r is in- 
circuits, the resistor was 
replaced by an inductor of such a predetermined value that 
the capacitor was discharged to a negative voltage approxi 
mately equal to the positive voltage at which the thyratron 
fired 


the capacitor for a 


(his doubled the magnitude of voltage change across 
voltage hoe 


This cireuit is very much dependent upon the constancy of 


given value of charging 


the grid bias voltage, the critical characteristic of the thyra 


tron, and the constancy of the anode supply voltage for 


repetitive accuracy. The critical grid characteristic for the 


type 884 thyratron used in these early circuits is shown in 


Fig. 6. Its design produced a uniquely linear relationship 
between anode voltage and the negative grid voltage re 


quired to prevent conduction, the ratio being approximately 
1O;] 


other control thyratrons, of approximately the same physical 


bor purposes ol comparison the characteristics of two 


74 ind’ rating have been 


plotted to the ime seale of 


ollage 





Fig. 4-Example of a control whevein the grid po- 
tential is fixed and the anode potential is varying. 


big. 7 
the simpler circuit of Fig 


hows a circuit which ma be an 


improvement on 
>» in that both the anode voltage 
are changing and 


that 


ind the grid voltage converging on the 


Thu 
superior to 
that the 
over the 


\ ilu allow the thy 


vs ‘ 


ratron to. fire 
the repetitive accuracy of this circuit should be 
that of the circuit of Fig. 5 in the same 


2 and 3 


This is SO he “use 


Sense 


circuits of Figs were an improvement 


circuit of Fig. 1 of the introduction of 
bias voltage I whi h is yreatly in excess of the value of 
ey at which the tube fires and which is opposed by the 
Thus, 
the thyratron are 
the behavior of the 


upon the constancy of the bias voltage | 


changing voltage Ck. ‘ ritical char 


any changes in the 


acteristic of 


greatly minimized. However 


circuit becomes very much dependent 
The circuit of Fig. 7 has another feature of importance; 
that the action of the grid circuit can assist in the 
When the thyratron fires 


to discharge the capacitor, the cathode of the thyratron is 


namely 


deionization of the thyratron. (2) 


made positive with respect to its grid (or, the grid is made 


negative with respect to the cathode) very rapidly as the 
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big. 5 Saw-tooth generator utilizing the principle of big. 4 P . ; . 
Grid voltage 
Fig. 6 ompartson of average charac 
teristics of three types of thyratron. 
capacitor dist harges towards zero voltage value Making 
the grid very much negative at the time of greatest 1oniza 
tion allows the grid to attract the positive ions and helps 
clean up the region between anode and cathode more rapidly 
than would otherwise take place. The effectiveness of this 
clean-up action will depend upon the “stiffness” (i.e. the 
low impedance) of the grid circuit and the magnitude of 
the voltages impressed. 
A-C Plate Supply. There is another important group of 
thyratron control circuits wherein the excitation for the grid 
circuit is a source of adjustable or variable direct potential 
ind the excitation for the anode circuit is an alternating 
potential or an alternating potential in series combination 
with an additive or a subtractive (counter-emf) direct) po 
tential 
hig. & shows a simple circuit incorporating these pron 
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1 7 ( : Counter EMF 
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4 + een | / 
a4 2 
sed, os = Ae f 
I Q 9 Reference + ‘ A 4 
ig. 6 Simple half-wave thyratron control S / ; : | 
! ijustable d . Thi $ [ 
ry an adjustable d-c source. This circuit is ? 
automatically resetting, in that the tube is bund ! t | 
always extinguished during the negative static Ove ‘ 
. omic 
half-cyele of applied voltage Gerylegs , | Peok 
choracteristic critical *| inverse 
characteristic ] voltage 
Fig. 10 Half-wave thyratron motor control. Anode voltage 
consists of armature counter-emf plus ac supply voltage ! 
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ciple Phe anode volt ige } 

in alternating potential which 

causes the anode of the thyra 

tron to be at a positive po 

3- phase 
supply 


tential relative to it cathode 
during one half-eyele ind at 


i nepative pote ntial during the 


succeeding half ye le Thus 
the current through the thyra + 
tron is extinguished during 
the negative half-cycle in event 
the tube has been fired during , 





the positive half-cycl 
If the grid excitation is ad 
justed to a value lightl Lood 7 


yvreater than the most negative 


belie 
2 


portion of the dynamic critical 


grid characteristic. the thyra 






tron will not fire during the 4 
positive halfeeyele of the iy) = 
plied vollage wive Then, a 
the gird excitation is adjusted 
iw i value just lightly le 
than the most negative portion 
of the critical characteristic 
the thyratron will be fired at 
the peak of the applied voltage 
wave, Thus, in this region of 
the most-negative portion of i 
the critical characteristic the 
firing of the thyratron will be 
in OFF or an ON occurrence 
There will be no gradual 
change from OFF to ON=: it 
vill be one oF the other con Dynamic 
critical 
dition. However, as the grid charocteristic Moximum 
excitation is made le than the ee time 
most negative value of the crit Curing which 
characteristic thyratron grid 
ical characteristic, the firing may regain control 
pot of the thyratron will o« 
cur sooner in the halfeyele Fig. 9 -Thyratron-controlled battery charger. Single tube regulates the change of 
period, Also, by making the shunt-field excitation in d-c charging generator. “B” battery is used as source of refer- 
rid excitation potential pro ence voltage. 
ressively |e negative the 
fan promt may he advanced 
toward the beginnin of the 
halfeevels period 
lf the grid excitation is made positive, the firing can be from the upply transformer plus the d-c component of 
made to occur almost at the beginning of the positive half voltage drop across the resistance of the shunt field winding 
cle of anode voltave The firin point cannet be made to due to the current / bho the dynamic eritical character 
oceur at the very beginning of the positive half-evele of istic is determined by the net anode voltage which results e 
applied voltage because sufficient voltage must be developed from the instantaneous sum of these two components of 
across the anode-to-cathode terminals of the thvyratron t voltage. This is in contrast to the cireut of Fig. 8 wherein 
initiate the are discharge ind this voltage may exceed the the onl oltage deter ! thi haracts 
we-drop voltage during conduction) Tho in the regio ilternating potential of the a upply itself 
of grid excitation values | than the most negative value lt is very important in a circuit of this type wherein a d- 
of the critical characteristic, the firing point may be smoot component of voltage adds to the a-c component of anode 
| ind progressively advanced toward the full-on condition Ntage that the unplitude of the ace component | 
This is grid phase control as contrasted to the off-on control exce of the maximum value of the d-e component for a 
in the region of maximum negative grid voltage at whicl sufheiently long time during the negative half cyele of the 
the thvratron either fires or not ic supply that the thyratron current can be extinguished 
It is claimed that the operation of this type of cireuit will ind deionization be completed. Thus, the grid can regain 
be improved materially by the inclusion of a parallel re control before the net anode voltage once again becomes 
sistance-capacitance network in series with the control grid positive 
of the thvratron. (3 The operation of this circuit may be explained briefly as 
Phe circuit of Fig. 9 is that of an actual application of follows: When the battery terminal voltage is decreased (as 
this type of control to a single thyratron whose current by an increase in load current) 
controls the change of shunt-field excitation in a d-c genera a) the thyratron grid potential becomes more negative 
tor used for constant-potential battery charging. (4) In this b) the thyratron fires later in the positive half-cycle 
circuit the anode voltage of the thyratron is composed of of a-c supply voltage, or fires intermittently if in the 
two series-connected components, the altenating potential OFF-ON region of control 
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c) the average current, /,, through the thyratron de 
creases 
d) the net shunt field current is increased (1; / 
I, and /, has decreased 
e) the generator output voltage is increased 
f) more current is supplied to the battery and the load 
gy) the battery voltage is restored, approximately but 
not exactly, to its original value 
Should the thyratron fail to conduct, as by a failure of 
cathode emission, the battery voltage will rise to a value 
that is determined by the setting of the adjustable voltage 
range rheostat 
Also of interest in this circuit is the use of a “B” battery 
as a voltage reference. The voltage being regulated ce pends 
for its constancy on the fact that this battery voltage does 
remain essentially constant over long periods. Circuits like 
these in which the thyratron operates most ot the time in 
the region of negative grid voltage impose little, if: any 
current drain on the reference battery; hence, the battery 
life approaches its shelf life. High ambient temperatures 
probably contribute more to the short life of such a batters 
than any possible current drain from the circuit 
During normal operation, the conducting periods of the 
thyratron are erratic and vary from cycle to cycle, much 
like the action of a Tirril regulator, whose operation it 
closely resembles in this instance. The use of capacitor ¢ 


ind grid resistor helps to smooth out the operation some 
what by acting as a filter to any quick and violent change 
in the signal voltage 

The circuit of Fig. 10 is another example of this type of 
grid control. In this instance, the anode voltage is made up 
of a d-c component, the counter-emf of rotation of the 
armature, in series with and subtracting from the a-c supply 
voltage. The dynamic critical characteristic is now de 
termined by the net difference of these two components at 
any instant. The peak inverse voltage across the thyratron 
hecomes the sum of the d-c component of the armature and 
the peak voltage of the a-c supply during the negative hall 
eyvele. Ample time is allowed for the ctreuit to extinguish 
the anode current and te permit complete deionization of 
the thyratron 

It is of interest to note that if the load on the motor be 
comes of an overdriving nature such that the direction of 
rotation Is opposite to the direction which the thyratron 
current would dictate. the counter-emf of the armature be 
comes additive to the a- upply voltage and the wave forms 
of voltage across the thyratron approach those of Fig. 9 
This fact becomes Important in the case of two thyratrons 
operated back-to-back to control the direction of rotation 
of a d-c shunt motor 

Further discussion of this cireuit is contained in previous 


articles fo) 


Obtaining a Direct Potential of Adjustable Magnitude and Reversible Polarity 


The cireuits discussed thus far have used simple forms 
of fixed, adjustable: or variable d-c potentials for grid con 
trol purposes. Many of the cireuits which follow will like 
wise require d-c potentials for grid control, but are likely 
to be of a much more complex nature. They will, however 
operate on the same general principles. Thus, it) seems 
idvisable at this point to discuss a few of the more common 
schemes for obtaining adjustable d-c potentials from sources 
of essentially constant d-c potentials 

Fig. 1) is that of a simple bridge circuit supplied from 
a battery of voltage, E. It will be assumed that’ resistors 
R,, R, and R, are of the same ohmic value and that the 
idjustable resistor R, may be adjusted from some finite 
value preferably many times greater than the ohms value 
of resistor R,, to zero value (short circuited). When the 
ohmic value of R, is equal to that of R,, the output voltage 
I is zero, because there will be the same voltage drop 
ross R, as across Ro and the same voltage drop across R 
i- 1CTOss RK Now il the olimes value ol R Is made vreater 
than that of R 


pomt ¢ and an eutpul voltage | results The polarity al 


point @ rises in potential with respect to 


point @ is now positive with respect to point ¢ 

lf KR, could be made infinite ohmic value (an open eis 
cult ind if the load connected drew no Current Cintinite 
ohmic value the potential of point a@ would be that of 
point d and the value of the output voltage, / would be 


» f The converse 


R namely point oa 


would be true if R, were made less than 
vould drop in potential with respect 
to point ¢ and an output voltage, | would result. The po 
larity of point a would now be negative with respect to point 

In an extreme case, if R, were made zero in ohmic value 
point a would be at the ime potential is pom h and the 
thue of output voltage Ee would be EO (assuming, again 
that any load connected acro hk. drew no current 

It is not necessary that R ind R, be equal to FR I en 
tiall the ime result would be obtained if R ind KR were 
greater or less than R,. provided that R R. in thi 
imstance However, if there is a load resistance connected 
icross the output terminals, points a and ¢, it is important 


that the current diverted through this load be only a frac 


tion of the current normally carried through each pair of 
resistors RK). R, and R,, R, which comprise the arms of the 
bridge. Otherwise, when the bridge is unbalanced to produce 
an output voltage, the load current will alter the potentials 
of points a and ¢ from those values which would otherwise 
be determined by the ohmic values of R,, R, and R,, R, 
alone 

Likewise, it is not necessary that R R, if the potential 
of point ec need not be mid-way between points a and h bor 
example, suppose that R 's RK, so that the potential of 
point ¢ is one-fourth of the way down from point a (assum 
ing no load connected across ko). Then, if R, is varied so 
as to swing point a@ up and down in potenital with respect 
to point ¢, it will be found that, in the limits, the value of / 
when a is positive with respect to ¢ 1s only 4 kh At the 
ame time, the value of ke. when a is negative with respect 
lo cis 1 bk. Sometime differences like these are desirable 
ind useful it other time they may be objectionable 
Thus, much latitude is left to the designer 

The circuit of Fig. 12 has been used as a voltage-sensing 
device to determine, in terms of the magnitude and polarity 
of output voltage bk. whether or not the signal input voltage 
KE was higher than, equal to or lower than a given value of 


voltage A carbon filament lamp, which is used as the re 


istive element R ha wh a non-linear resistance char 
ieteristic that it resistance decrease is the temperature ol 
the filament increase \lso, the temperature of the filament 
i proportional to the current passing from dtoectohbh 
through the resistive elements RK, (the lamp filament) and 
R, (which in this instance is assumed to be a linear resistor 
whose resistance doe nel change a i funetion of the mag 
nitude of the current passing through its winding) 

In contrast to the carbon filament lamp the tungsten 
filament lamp | i i non-linear resistance characteristt uch 
that its resistance increase is the temperature of the fila 
ment inerease Also, the temperature of the filament is pro 
portional to the current passing from d to ato b through 
the re tive elements RK (thie lamp filament) and the linear 


~ 


B i suitable ce ol Rk ind KR, in comparison with the 


74% 








ELECTRICAL MANUFACTURID 





Circuits for Obtaining an Adjustable or Variable Direct Potential E 
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big. I] Basic dee bridge cireuit. big. 12 sriddge voltage 
etietttiy cireuat tie ttiy non-line il reststunes " lamps 
big. 13) Modihed bridge cireutt in which two resistor 
ie replace do by potential tap on the voltage source. big 
1) Temperature sensitive element (Tu 4 used as the 
variable element in’ a bridge hig. 15 Crid-controlled 
vacuum tube used a the variable element I i¢ Ib 
hinission-limited vacuum tube diode used as the variablk 
element hig | Magnetically controlled diode u ed a 
‘ TAHIR + 
resistance characteristh of the re poctive lamps wilh whieh 
they are associated in the arms of the bridge it will be 
found that one ind only one value of input voltage & will 
balance the bridge ind vield zero output voltage / An 
mecrease in the value of the nigral voltage & will tend to 
cause more current to flow in both arms of the bridge. The 
mereased current through the carbon filament lamp will 
decrease its resistance in comparison to the fixed resistance 
of Ro. This will ratse the potential of point ¢ toward point d 
The increased current through the tungsten filament lamp 
will increase it resistance in comparison. to the fixed re 
re | 
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the variable element. Fig. 18 Photocell used as the vari 
ible element. big. 19° Potentiometer and mid-tapped 
voltage used to obtain output voltage E,. Fig. 20 —-Using 


t fixed mid4tap on the adjustable potentiometer to obtain 
output voltage I Zl 


tial opposition 


big Using a variable direct poten 
a fixed-magnitude direct po 
tential to obtain an output voltage of variable magnitude 


ind reversible polar ily 


in series to 
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a = Gee 
istance of R,, which will lower the potential of point a 
toward point 6. Thus, the output voltage / which had been 
balanced at zero value with the original value of input volt 
ige Eb, is now given a definite voltage value and has a po 
larity such that point ¢ is positive with respect to point a 

Conversely, a decrease in the input voltage FE will reduce 
the current in both branches of the bridge which will in 
crease the resistance of RK. (the carbon filament lamp) in 
omparison to R, and will decrease the resistance of R, (the 
tungsten filament lamp) relative to R,. The result is that 
the potential of point will drop towards point 6 and the 


[ 
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potential of point a will rise towards point d. Thus, there 
will again be a difference of potential at Fe, but in this in 
stance the polarity of point a will be positive relative to 
point c. Hence, it can be said that the magnitude of output 
voltage FE. is an indication of how much the input voltage 
has deviated from the one value which balances the bridge 
to give zero output voltage. In addition, the polarity of the 
output voltage indicates whether the deviation of the input 
voltage has been in a direction above the balance value or 
below the balance value 

Obviously it is not necessary to use both the carbon 
filament lamp and the tungsten filament lamp in the same 
bridge. It would be sufficient to use the carbon filament 
lamp as KR, in conjunction with linear resistors as R,, R, and 
R,, or a tungsten filament lamp with linear resistors at R 
R, and R,. However, the amount of variation in KF. for a 
viven change in EF would have been decreased by the use 
of only one nonlinear element 


Other elements such as_ the silicon carbide materials 
Thyrite (6) (7) and Globar (8) exhibit non-linear char 
acteristics similar to carbon filament lamps in that their 
resistance values decrease as the voltage across them is 


increased. The magnitude of change in resistance per unit 
change in applied voltage may be very much greater than 
that of the carbon filament lamps so that a wider choice of 
characteristics is available. Also, the lamps have an ob 
jectionable thermal lag in their response. By comparison 
the non-linear materials are said to be instantaneous, Dry 
plate rectifying devices exhibit characteristics like these 
and are recommended (9) for circuits such as that of Fig 
12. The semiconductor devices have similar characteristics 

Elements such as the vacuum tube diodes and triodes have 
characteristics, similar to the tungsten filament lamps in 
that their resistance increases as the applied voltage 
increased 


The cireuit of Fig. 13 is a modification and simplification 
of the bridge cireuit of Fig. Il. The potential tap on the 
voltage source replaces the two resistors in one arm of the 
bridge. This has another advantage in that the potential of 
point ¢ is less apt to vary as a funetion of current drawn 
by loads connected across / It should be understood that 
this simplification can be added to the cireuit of Fig. 12 
when only one non-linear resistance arm is used. In. this 
instance, too, it might be pointed out that the carbon filament 
lamp could be substituted for R, when the tungsten filament 
lamp was used as RK, to increase the amount of output volt 
ive hk. for a given change in I 

The cirenit of Fig. 14 utilize 1 temperature-sensitive 
element such as a thermistor to vary the magnitude and 
polarity of the output voltage / In cireuits like this it 
should be understood that when the bridge is unbalanced 


so that a voltage does ippear across f the magnitude of 


voltage | 
Thre proportionality is linear if the arms of the bridge are 


this voltage is then proportional to the input 


linear elements (a rarity) and non-linear if one or more 
of the elements of the arms are non-linear. Only when the 
bridge is exactly balanced so that the output voltage is 
zero is the output voltage inde pendent of the input voltage 
This means that if the 
elements for R, and R 


istics and operating at identical points on these character 
istics 


bridge arm contain non-linear 


these must be of identical character 


The circuit of Fig. 15 utilizes a vacuum-tube triode as 
the variable element of the bridge arm. The vacuum tube 
could occupy the position of the R, element between points 
d and a just as well as substituting for the R, element. as 
shown. In fact, two vacuum tubes could be used, one sub 
stituting for R, and the other for R, with the control applied 
to the grids of either or both tubes. (10) However, it is 
usually more difficult to control a tube in position R, bi 
cause its cathode potential would be varying as point a 


varied in polarity In the particular circuit of big 15 


is the grid is made less negative in polarity the potential 
of point a becomes more negative with respect to point 

\ pentode-type vacuum tube will funetion very well in 
the cireuit of Fig. 15 and in many cases will provide 
superior performance. However, in d-c circuits like these 
the screen grid potential should be taken directly trom a 
constant-potential source without the use of a screen-grid 
resistor to take full advantage of the pentode characteristics 
(When the screen grid of a pentode ts 
plate, it behaves like a triode 

When it is desired to make output voltage Fo a direct 


connected to. the 


function of a motion signal, this may be wcomplished in 
one step by the use of a movable-anode vacuum tube in 
place of the triode in Fig. 15. Such a tube is ivailable 
commercially and is designated as the “Mechano-kleetroni 


triode, RCA Type 5754 


The cireuit of Fig. 16 utilize in emission-limited diode 


Pransducet 
is the variable element in’ bridge-arm position K The 
characteristic of this mode of diode operation is that its 
plate-to-cathode resistance decreases as the filament: tem 
perature is increased to provide more electron emission 
Tubes designed for this application usually have cathodes 
of the directly heated type employing a tungsten filament 


lype KP Loo lubes 


usually have a very rugged filament whieh 


An example of this tube is the G. J 
of this type 
contributes to two objectionable characteristics namely, 
i time lay in the re porse ola change in electron emission 
to a change in magnitude of the actuating current because 
of the thermal mass of the filament and, seeond, the high 
current rating of the filament (even though the filament 
voltage is only 4 volts), which requires a current control 
ource of the order of 2.25 amp." 

Another form of control element which may le ub 
tituted in one of the arms of the bridge is the magnetically 
controlled diode. The circuit of Fig. 17 show uch a device 
substituted for R This is a diode 


direction of electron emission from cathode to anode 1 il 


o constructed that the 


right angle to the direction of a magnetic field which tends 
to deflect these electrons. A typical construction has a cathode 
located along the axis of a concentric cylindrical anode. with 
the direction of the magnetic field along the axis of the cylin 
der The construction of the FP-400 tube is of this type. How 
ever, the axial dimensions of this tube, and most other tube 
which are available, are such that the length of air-gap in the 
magnetic circuit | o long that the magnetic cireunt 1 
essentially that of an air-core solenoid and is not as etheient 
n the utilization of 


he desired 


This t pe of cor trol has no sense of the direction of the 


impere-turn of excitation a might 


control current: it has onl i sense of magnitude, burther 


more, if the control current contains a ripple component 


this ripple ery prominent in the output voltage, / 

One type of tube which has been made to funetion in thi 
ircunlt and at the ime time give a visual demonstration of 
the phenomena ot the electron path bemg bent b the 


ition of the magnetic field is the t yee 6AbK6-4, Electron Ra 
tube 
Iti ipparent that i phototube could be ised i thie 
iriable element in bridge circuits of this type uch a 
that shown in Fig. 18. However, the high internal resistance 
ol the phototube makes a bridge of such high resistance 


tlues that an intermediate amplifier usually is necessar 


lo couple the | oltage into the lower resistance level al 
the circuits being controlled. A very interesting application 
of vacuum photocells, one in the upper arm and anothes 
in the lower arm of a bridge cireuit is contamed in the 
circuitry of the GE Photoelectric Reeorder. (11 

In considerit the more complex wa of obtaining at 
idjustable voltage, the designer should not overlook simple 





schemes using a conventional potentiometer as shown in Fig. 
19, or a tapped potentiometer as shown in Fig. 20. 

When a direct potential of variable magnitude but of 
definite polarity is available for control purposes, such as 
the armature terminal voltage of a d-c shunt generator or 


ELECTRIC 4 LANL FACTURIN 


the counter-emf of a d-c shunt motor, the magnitude of 
variation can be amplified and given a sense of reversible 
polarity by bucking the original voltage against a series- 


connected source of constant potential. This is shown in 
Fig. 21. 


Obtaining an Alternating Potential of Adjustable Magnitude and Polarity 


Much the same bridge circuitry as that of Figs. 11 through 
21 can be used to obtain an alternating potential output, 
E,, of adjustable magnitude and reversible polarity or phase, 
from an a-c source of essentially constant magnitude to which 
it is related 


The fact that this is a-c cireuitry allows the use of in- 


ductive and capacitive impedance elements, as well as 
resistance elements, in the arms of the bridge thereby en- 
larging the number and variety of control 
eireuits 


elements and 


The circuit of Fig. 22 is unchanged over that of Fig. 11 
when the supply voltage is changed to a-c from d-c. Out- 
put voltage FE, will have zero magnitude when the bridge is 
balanced. Also, when it is unbalanced, the output voltage 
will have the wave shape of the supply voltage and an am 
plitude which may be varied in proportion to the amount of 
unbalance. When in an unbalanced state, output voltage 
E,, will be proportional to the input voltage FE. The output 
voltage will be either in-phase with the supply voltage (as 
when the bridge is unbalanced in such direction that point 
a approaches point d in polarity) or 180 deg out-of-phase 
(as when the unbalance is such as to make point a approach 
point 4 in polarity). 

The cireuit of Fig. 23 funetions much like its d-e counter 
part when used as a voltage sensing means. This circuit 
will respond to the rms values of the currents in the bridge 
arms. Ordinarily, this is tantamount to response to the rms 


value of the supply voltage (as distinct from a peak value 
or from an “average-of-rectified values” which would be in- 
dicated by a rectifier-type voltmeter (12) ). However, the out- 
put voltage will not have the exact wave shape as the input 
voltage. Rather, it will be a distorted version of the input- 
voltage wave shape with most of the distortion occurring near 
the center portion of the wave shape (assuming the input 
voltage is sinusoidal). 

The arrangements of Figs. 24 and 25 are much like their 
d-c counterparts. However, in the case of Fig. 25 in which 
the temperature-sensing element (T.S.E.) is very probably 
a non-linear device, the output voltage may have a distorted 
wave shape compared to the input voltage. 

It is not quite so easy to substitute a vacuum-tube element 
for one of the resistance arms of the bridge when the bridge 
is supplied from an a-c source. This is because the vacuum 
tube is a one-way conducting element and the definition of 
an a-c circuit requires conduction in either direction on suc- 
cessive half-cycles. Thus, two tubes will be required as 
shown in Figs. 26 and 27, or else a rectifying scheme in- 
terposed between the a-c circuit and the tube as shown in 
Fig. 28. The greatest objection to the back-to-back circuit 
arrangement of Fig. 26 is the fact that two separate control 
voltage sources are required. If the control signal is to be 
derived from an a-c source related to the supply voltage EF, 
then the two grid voltages could be transformer-coupled 
so as to insulate one from the other. When the control 
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Circuits for Obtaining an Adjustable or Variable Alternating Potential E 


Using Inductive or Capacitive Impedance Elements 
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. Fig. 29--Modified bridge circuit with two similar im tance voltage. Fig. 32-—-Inductances as similar impedance 
pedance elements. Fig. 30--Capacitances as similar im- elements, one of which is adjustable. Fig. 33-—-Bridge volt 
pedance elements, one of which is adjustable. Fig. 31 age-sensing circuit utilizing non-linear inductance Le and 
\utotransformer means of producing an adjustable eapaci- linear inductance | 

OIA ns lS PASM TRALEE MALES IE oP ARN MEL PRO EEE AES CHIH Bt: x RARER IES AREER 1 RENEE SEE ONE 
voltage is to be a d-c signal, the fact that the cathodes of which an adjustable autotransformer is used to produce the 
the tubes are separated by the variable-magnitude alternat effect of a variable capacitance from a fixed capacitor. Hf 
ing potential between points a and b complicates the control such a scheme proved useful in spite of the inevitable in 
problem enormously. By way of contrast, the circuit of Fig ductive reactance of the transformer it would be one of the 
27 has the advantages of both reducing the control signal very few means of producing a variable capacitance effect 
lo a single voltage source as well as insulating it from the at O60-cps trequency Generally pe aking, at these low fre 
remainder of the cireuit. In the circuit arrangement of Fig quency levels the capacitive reactance obtainable from com 
28 it should be obvious that the control voltage signal could mereially available variable capacitors is so great that ob 
be insulated from the other parts of the cireuit if the a-« jectionably high impedance circuits result 
terminals of the rectifier bridge were connected through an For those circuits using inductances in the arms of the 
insulating transformer to circuit points a and 6 bridge as in Fig. 32, the various devices which can provide 

Wherever the grid-controlled vacuum tube appears in variable and adjustable inductance values are: (1). slider 
these circuits, its counterparts can also be used. These are tapped inductance; (2) solenoids in which the inductance is 
the emission-limited diodes, the movable-anode tubes, the changed by the withdrawal of the iron-core plunger; (3) 
magnetically controlled diodes and the phototubes In aturable reactors in which the inductance is changed by 
practice, it would be preferable to use the bridge rectifying variation of a d-e saturating current; (4) variometer con 
scheme of Fig. 28 so as to keep the number and complexity struction (induction voltage regulators) in which one coil is 
of the control elements to a minimum. However, in the case rotated within another to change the mutual coupling be 
of the emission limited diode, a single tube ha been used tween the two winding (. i fixed inductor connected in 
without benefit of the rectifier bridge for control purposes to the circuit through an adjustable autotransformer (like 
(13) (14) the capacitor arm of Fig. 31) 

Concerning the emission-limited diode, it is of interest to Of particular importance in the cireuit of Fy 54 as the 
note that one manutacturer has a spec ial tube (75) in which use of non-linear inductive element a t voll ipe ensing 
the structural parts are so designed that in event the filament means. This scheme is the basie of certain types of voltage 
breaks, an internal electrical connection is made between regulators used on power system (1h) 
anode and cathode Phi feature is provided because in the The cireuit of Fi 44 through 36 are hown i were 
usual feedback regulating cireuits of which these tubes are 
the control element the failure of the restraining action of 

. the limited emission may allow the regulated output to soar 
to undesired values. Short-circuiting the anode-to-cathode 
circuit has the effect of reducing the output to its minimum Circuits for Obtaining an Adjustable 
value under these abnormal condition Alternating Potential E. Using Adiustable 
r . The emission-limited diode is one of the few fundamental 


Voltage Sources 


means of producing a signal proportional to the rn value 
of the actuating current. This is because the emission, which 
s the plate to-cathode current, i proportional to the de yree 


of heating of the cathode and this in turn is proportional to 





E Eo E 
the /°R watt dissipation in the cathode. Assuming the constont Eo 
resistance, R, of the filament (which is the cathode) is a a 
constant quantity, the value (/)° represents the rms value 
of the current which heats the filamentary cathode. Thus Fig. 34 Fig, 35 Fig. 36 
the electron emission 


proportional to the equivalent heat 


ing value of the actuating current which energizes the fila 


Fig. 34—Ar adjumebletapped autotransformer in con- 


ment, and this equivalent heating value is the rm or junction with a mid-appe.! voltage source. Fig. 35— 
effective, value Using a fixed mid+tap on the autotransformer winding 
The circuits of Figs. 29 through 33 show the means by to obtain output voltage E.. Fig. 36——Using a variable 


which bridge arms made up of capacitive or inductive ele ac in series opposition to a fixed ac each of the same 
ments might be used to produce an adjustable output voltage phase and frequency. 


is Of particular interest is the arrangement of Fig. 31 in 





their d-c counterparts, as a reminder 


chemes 


: 19 
of Fig. 35, the alternating potential of variable magnitude 18-2 
G-E Thermistors, 
Metallurgy Division 


might be obtained from the variable 


ynchro transformer (in which case 


reversible polarity) 
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Electronic ‘““Touch’’ Switch for Lamp Control 


Iwo METAI 


POUCH AKREAS, spaced to 
contact by the 
hand or other parts of the body, like 
the cheek 


of a new type of “touch 


permit imultaneous 
timulu 
witch. Re 


cently introduced as a portable lamp 


form the actuating 


control the new General Klectric 


Pouchtron” electronic control i capa 
ble of controlling a-c loads of up to 
mp or more depending upon the 


type of load, at 120 volt Phe 
lends itself to control of irious other 


witeh 
ipplianee ind electronic equipment 
lt is a development of General klectris 
Lecessar 
ride port, Conn 

While it 


disk approximately 4°) in, diam and 


haquipment 1) partinent 
initial form is that of a 


|! thick to facilitate mounting in 
the base of portable lamps, the com 
ponent can be rearranged to fit any 
uitable shape having a minimum vol 
ume of about 9 ea in. The leads pro 
vided are for power input, controlled 
power output and the touch leads for 
the two adjacent touch area 

\ hown in the circuit diagram, the 
incoming a-c power is rectified for cir 
eult control by a hall-wave metallic 
rectifier, This provides a d-c voltage 


which, while dependent on the magni 


78 


ontrol 
tube 


(>) 


Basic “Touchtron” touch circuit for lamp 


tude of the a-c input, never reaches 
the voltage required to break down the 
control tube, which is a cold-cathode 
type 

One lead is brought out from the 
anode side of the a-c line and another 
from the firing electrode of the control 
tube and terminated in their respective 


Bridging these two areas 


r 


touch areas 
with the impedance, or conduction, of 
the hand elevates the potential of the 
firing electrode toward that of the 


inode causing the tube to fire. In series 


with the tube is a pulse-type latching 
relay which operates whenever the con 
trol tube fires, discharging the electro- 
lytic capacitor and closing the output 
eireuit, 

The circuit has been designed for 
complete stability throughout the volt- 
age range of 100 to 125 a-c volts. It 
is not dependent on the a-c plug polar 
ity, nor are any ground planes (con 
duit, armored cable, pipes, ete.) re 
quired for operation, Since there are 
no heat contributing components em 


ployed like 


chassis runs cold 


tubes, the 
Although the unit is 


heater-ty pe 


normally continuously kept activated, 
only negligible standby power is con 
sumed 

There are many other possible uses 
of the principle, one of which is for 
medical applications. Presently being 
tested are Touchtron equipped devices 
similarly 
lights, 
appliances, nurse calls, etc., by merely 


which permit paralyzed or 


handicapped people to operate 


touching specially designed touch plates 
with either side of their face, or in 
the case of arthritic patients with im 
mobilized fingers. any portion of the 


hand that can contact the touch areas 
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Magnetoresistance 


—New Tool for 


Electrical Control Circuits 


Change of electrical resistance under the influence of a magneti 


field, known as magnetoresistance. may be used as the basis for 


control circuits and transducers, 


Recent advances in semiconductor 


materials has focused attention on this phenomenon in the 


last several years. This article presents a review of the hast 


principles and sup eeSIS several po sthle applications. 


In recent years, the study of the electrical propet 


ties of intermetallic compounds has produced many in 
teresting developments.(])* Possibly the most important 
of these is the discovery that indium antimonide can be 
used to produce resistance elements which are very sen 
sitive to changes in applied magnetic fields.{2) 

This development is capable of novel applications 
especially in control circuits. For example, as a result of 


the achievement of unusually high magnetoresistive ef 


fects, potentiometers having no moving contacts are 


readily produc ible. Other possibilities include non-me 


chanical d-e to a-c converters, current modulators, rect 
fiers. transducers, and voltage and current regulators, a 
well as many other nonlinear resistance elements. In 
lact. cotmmerel il high vain low noise valvanomagnets 
amplifiers are a distinct possibility. Galvanomagnetic 
amplifiers have been made using bismuth elements with 
power vains of from LO to 0 db at low temperatures, (3 
Phe principles of operation of the magnetoresistive ele 


ment and the physical characteristics of the compound 





Electron Mobilities in Semiconductors 


Semiconductor 


Germanium 
Silicon 

Lead sulfide 
Indium antimonide 
indium arsenide 


Mobility, cm/sec per volt/cm 


4,000 
1,500 
700 
75,000 
40,000 


indium antimonide, in which the largest magnetoresistive 
effects have been observed, are discussed below followed 
by a description of several magnetoresistive devices, 


Basic Principle. When a conductor carrying an 
electric current is placed in a magnetic field which is 
perpendicular to the direction of the current, the charge 
carriers are deflected toward the sides of the conductor, 
as shown in Fig. 1. As a result of this deflection, there 
is a piling up of electrical charge on the sides of the con- 
ductor until the electric field, which is thus created, exerts 
a force equal and opposite to that of the magnetic field. 
This potential difference, which can be produced between 
the two sides of the conductor, was discovered by KE. H. 
Hall in 1879, 

From measurements of this Hall effect, the concentra- 
tion of electrons which carry the electric current can be 
calculated. Another result of the deflection of the elec- 
trons is an increase in the resistance of the conductor. 
This magnetoresistance results mainly from the fact that 
not all of the current-carrying electrons have the same 
velocity. For a given magnetic field and its associated 
Hall field, only those electrons with a certain average 
velocity will move in a straight undeflected path along 
the conductor. Those electrons with velocities larger or 
smaller than the average will be deflected and traverse 
a longer path. Hence, their contribution to the condue- 
tion will be reduced and the resistance of the conductor 
will increase. 

The magnetoresistance effects described above are char- 
acterized by the existence of a transverse (Hall) electric 
field and the absence of transverse currents. It is pos- 
sible, however, to arrange conditions so that the Hall 
electric field is made zero. This is shown in Fig. 2. 
where Hall electrodes are placed on the sides of the con 
ductor and shorted through a meter that indicates the 
current produced in the external circuit. With certain 
semiconductors, such as indium antimonide, this second 
ary current can be quite large. Such transverse currents 
across the semiconductor are still perpendicular to the 
magnetic field, and therefore create another Hall volt 
age which opposes the primary current. The result is 
a large increase in the effective resistance of the semi 
conductor, It thus follows that the primary current may 
be modulated by varying either the magnetic field or the 
secondary load. 

The Hall voltage cannot be shorted out completely 
along the entire length of the semiconductor by the 
mechanism shown in Fig. 2. The effect can be achieved. 
however, with the geometry of a disk, as shown in Fig. 
s. in which the transverse electric field is zero. This 
arrangement is known as the Corbino disk, after O. M 
Corbino who discovered (more than 40 years ago) that 
large circulating secondary currents were produc ed when 
a bismuth disk carrying a primary electric current was 
placed in a magnetic field. 

When the primary circuit electrodes cover the total 
cross section of the semiconductor (Fig. 4), it is seen 
that. in the neighborhood of these electrodes, the Hall 
voltage is completely shorted. Hence, in rectangular 
geometries, where the width of the electrodes is large 
compared with their separation, the transverse electric 
field will be substantially reduced. Quantitative analyses 
of Hall-voltage shorting by electrodes have been pub 
lished. (4 and 5). The fact that small ratios of specimen 
length to electrode width produce results almost as large 
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as those obtained with a Corbino disk is of considerable 
practical importance, since a rectangular geometry 1s 
preferable to a disk design in many applications. 

Indium Antimonide. ‘The most striking character- 
istic of indium antimonide is its extremely high electron 
mobility. By mobility is meant the drift velocity of a 
charge carrier per unit electric field. Since the Hall volt 
ave is proportional to the product of the mobility and 
the magnetic field, it can be shown that the Corbino 
magnetoresistance is approximately proportional to. the 
square of the mobility. The electron mobilities of a 
number of semiconductors at room temperature are given 
in the accompanying table. 

Since indium antimonide has an electron mobility 
over 15 times that of germanium, the Corbino magneto 
resistance of indium antimonide can be greater by a factor 
of several hundred. As is indicated in the table. indium 
arsenide is also wood for magnetoresistance elements 
Although not so large a value will be obtained for the 
magnetoresistance as when indium antimonide is used, 
higher resistance elements can be fabricated, since the 
room-temperature resistivity of indium arsenide is nearly 
100 times that of indium antimonide. For example, mag 
netoresistance elements of indium a itimonide with a 
zero-field resistance of greater than 1» ohms are diflicult 
to construct. With indium arsenide, however, the cor 
responding figure would be L000 ohms. 

An ingot of indium antimonide is shown in big. 5 and 
a set of experimental data taken on single erystals cut 
from this ingot and containing & x 1O'’ n-type impurities 
As the ratio of 
specimen length to electrode width is decreased, the 


maximum values of magnetoresistance, represented by 


per cu centimeter are shown in Fig. 6. 


those of the Corbino disk, are approached. For a mag 
netic field of 29,000 gauss. the resistance increases to 84 
times its initial value. The change of resistance is pro 
portional to the square of the magnetic field for small 
magnetic fields, but it begins to deviate at the larger 
magnetic fields. This results principally from the fact 
that the contributions to the electrical conductivity of 
the low-mobility minority carriers in the semiconductor 


are becoming significant. The number of minority car- 
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riers can be reduced by increasing the density of n-type 
impurities. However, this process soon leads to a reduc 
tion in the electron mobility because of impurity seat 
tering, as is shown in Fig. 7a, 

Other factors of interest in the design of a magneto 
resistance device are the resistance and the temperature 
coeflicient’ of resistance of the element. The resistivity 
and the temperature coeflicient of resistivity from 25 to 
65 C of n-type indium antimonide are shown at b and ¢ 
int hig. be In applic ations where power dissipation Is 
large, the thermal conductivity of the element is also 
important. Recent measurements indicate the thermal 
conductivity of indium antimonide to be about 0.4 watt 
per centimeter dee C. (6) 

The values viven in the above dis Ussion are typical 
of those obtained for indium antimonide. Differences 
In Mpurities in the starting materials,* degree of erystal 
linity, or method of production may cause deviations 
from these values. Nevertheless, the optimum concentra- 
tions of Wnpurities are fairly well dictated by the par- 
ticular application. For example, at low magnetic-field 
strengths (several kilogauss or less), less than 5 x 10! 
Impurities per cu centimeter are required for maximum 
magnetoresistance. At larger fields, the n-type impurity 
concentration should be increased somewhat, say to the 
range from | to 5 x 10'°, in order to reduce the effect 
of the minority carriers. On the other hand, if the tem 
perature coeflicient of resistivity is important, an n type 
impurity density of between 10'7 and 10! per cu 


may be advantageous 


cm 
Fellurium, selenium, and sulfur 
are good n type impurities to use. Tellurium seems to 
he the best because of its tendency to remain uniformly 
distributed in zone-melted indium antimonide. 

It is important that zine, which is a p-lype impurity 
in indium antimonide, be removed before the two ele 


ments are reacted to form the compound. (7) Produc 


tion of the compound is considerably more complicated 
than that involved in merely fusing together high-purity 


indium and antimony. Satisfactory techniques have been 


btained using high-purity antimony (Bradley Mining 
9.9 per cent antimony) 
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Fig. 7—Curves showing the dependence of electron mo- 
bility, electrical resistivity and temperature coefficient 
of resistivity on the n4type impurity concentration in 
indium antimonide. 


Fig. 8—Are-reducing switch circuit using a magneto- 
resistance element and a permanent magnet. Switches 
5S; and Sz are tied in with lateral movement of element. 


Fig. 9—-Potentiometer without moving contact. Position 
of permanent magnet determines resistance of each mag- 
netoresistance element so that voltage at C is a function 
of magnet position. 
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° 
0200 T T Fig. 10--Pressure gage in which position of magneto- 
resistance element is controlled by pressure diaphragm. 
2S 0100 } ; Degree of insertion into magnetic field determines current 
. 0080 . ; 1 which is a measure of pressure. 
t 0.060) T ' 
. 0060! | Fig. 11—Thermocouple temperature indicator using a 
. 8 magnetoresistance converter or chopper to change d-c 
} : iad i signal to a-c for amplification. 
; Negev ine et 
¥ ¢ a coefficient Fig. 12—Voltage and current regulator for d-c generator 
% os t charging a battery as might be used in automobile elec- 
2 eens trical system. 
S 0004 Fig. 13—-Basic circuit of a magnetoresistance rectifier. 
0" io’ 0” o* 
~ Type Impurity Concentration, atoms per cubic centimeter Fig. 14--Phase relations in magnetoresistance rectifier 
Fig. 7 e circuit, 
developed, so that it is possible to produce indium anti cuit is closed, To open the circuit, the sequence is as 
monide with pert ihed uncompensated impurity: concen follows: Si is opened, the magnetoresistance element is 
trations in the amounts desired inserted in the magnetic field, and Se is opened If a 
One pound of the compound indium antimonide con magnetoresistance unit which has a resistance change of 
tains O.4G5 th of indium and O.515 Ib of antimony. The Gl times and a resistance of that of the load is used 
price of the raw materials to produce | lb of indium the current reduction at each switch will be only that 
itimonide is approximately $20. Since the manufactur which would occur in a single-stage break. Hf further 
mg of indium antimonide involves no expensive processes reduction is desired, the process can readily be cascaded 
its melting point ms only 525 ¢ ind because single \ potentiometer without moving contacts using a ci 
crystals are not necessary for most of the applications dis cular magnetoresistance element composed of a number 
cussed in this article, the total cost of producing this of sectors with shorting electrodes (to obtain a favorable 
emiconducting material is only a fraction of that. of leneth-to-width ratio for each sector) is shown in Fig. 9 . 
yermantum. Although indium antimonide is brittle at lerminals A and B are the ends of the resistor, and cor 
room temperature, it deforms readily at 425 ¢ The di nection C at the geometric midpoint replaces the usual 
electric constant 4 li Direct connections to indium liding contact. When section A-C is in the magneti 
intimonide can be made using indium or ordinary lead field, C, is at nearly the same potential as 6b, whereas, if 
tin solder \ convenient etch, which is nonpreferential equal ratios of A-C and B-C are in the field. the potential 
for indium antimonide, is the CP-4 formulation (5 parts i C is midway between that of A and B. It will be noted 
nite ) parts glacial ascetic, and 3 parts hydrofluoric that the resistance between A and B is always the same 
acid used for germanium Longitudinal displacements are easily converted int 
. changes in electric current by the arrangement given 
Applications hig. 10. Such units are useful as pressure gages, micr 
The various types of application for magnetoresistance phones, accelerometers, dilatometers, et 
elements may conveniently be classified according to the The second group of devices uses variable magnetic 
method of producing the magnetic field. The first group fields. Rectifiers. voltage and current regulators. and d- 
utilizes a constant magnetic field (usually obtained from to a-c converters similar to those illustrated in Figs. 11, 
a permanent magnet) and acts as a transducer of mechan 12 and 13 are included in this rroup Many applic ations 
ical motion into changes in electrical resistance. Fig. 8 require amplification of a very small d-c current. In 
shows an are-reducing arrangement, which is especially presently available devices, this is often accomplished 
well suited for heavy direct circuits. As shown, the cit by the use of a mechanical chopper and a transformer 
#2 ELECTRIC vUk 
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Fig. 11 shows a typical temperature indicating circuit Ihe result is a decrease in the current through the en 
employing i thermo ouple and a potentiometer, When the erator field circuit and a reduced charging rate 
emf of the thermocouple differs from that of the potenti lhe current-regulator section consists of a few turn 
ometer, a current flows through the transformer primar 1 hea wire through which the full generator output 
and the magnetoresistance element passe As the enerator output approach its rated 
An. a-c excitation signal creates a changing magnetic maximum, the increased current is reflected in the ma 
field and hence a variation of resistance and of current netic field. which rapidly increases the resistance in. the 
in the circuit which includes the transformer primar enerator field circuit, causing the generator output to 
This a-e error signal is then amplified in the conventional level off lhe magnetoresistance oltave and current 
manner and is used to adjust the potentiometer to a null regulator is vet milar in operation to the vibratin 
position, which then gives an accurate indication of the contact type no eneral use ince they both rely on 
thermocouple temperature A somewhat similar applica i change in the re tance of the generator feld circuit 
tion is the replacement of the vibrator with a magneto However. the magnetoresistance element offers an obviou 
resistance unit in certain d- power! supplies In these idvantage nee it doe not require prin or contact 
cases, synchronous rectification of the a-c voltage pro points 
’ duced is easily obtained by use of the same a-c excitation Maenetore tance rectifiers use a d-ec biosed control 
or control signal with the proper d-c bias on the rectifies siynal of the ime frequene is the current being reeti 
unit fied. The basic reuit is shown in big. 13, and the opera 
\ magnetoresistance voltage and current regulator tion is illustrated by the phase diagrams in bi 14. ‘The 
such as would be used in the electrical system of an au d-c bias (sometimes obtained by use of a permanent ma 
tomobile, is shown in Fig. 12. The voltage-regulato: net) and phase relations are adjusted so that, as the a- 
section consists of a shunt winding on an electromagnet input voltage reaches a maximum, the magnetic field and 
which produces the magnetic field for the resistance ele the resistance of the magnetoresistance element are at a 
ment. When the battery is nearly discharged and has a minimum. When the a-e input voltage reaches its maxi 
low terminal voltage, the resistance of the element i mum in the reverse direction, the magnetic field and the 
low and the current through the generator is larg As element resistance are at their maximum values. Thu 
the battery approaches a charged condition, with the the magnetoresistance ratio becomes the ratio of reverse 
resultant increase in voltage, the current through the to forward resistance of a magnetoresistance rectifier 
shunt winding increases, and the magnetic field and the Since it is desirable that this ratio be as large as po 


sible, in most cases the ferromagnetic f the 


core ¢ 





will become saturated at the large-magnetic-field portions 
of the cycle. This effect is reflected in the resistance 
cycle and the result is a flattening of the peaks of the 
magnetic field and resistance, as is shown by the dotted 
lines in Fig. 14. It is apparent that the waveform of the 
rectified output is dependent on the amount of saturation. 
This then becomes an important variable in the design 
of a magnetic circuit for a rectifier. A unique character- 
istic of the magnetoresistance rectifier is that the forward 
resistance and the rectification ratio are independent of 
the voltage applied to the rectifier. Therefore, in addition 
to being of interest for high-current-density rectification, 
the magnetoresistance rectifiers can be used advantage- 
ously for rectifying small signals, 

The principle of operation of the galvanomagnetic am- 
plifier is the control of electrical resistance in a secondary 
cireuit by an applied magnetic field. The basic operation 
is illustrated by the sketch in Fig. 15. A variation in 
input current causes a variation in magnetic flux in the 
core gap, thereby changing the resistance of the magneto- 
resistive element and varying the current in the output 
circuit, A noteworthy feature of the design is the isola- 
tion of the input and output circuits. The operation de- 
pends only on the bulk effects in the resistance element, 
not on point contacts, boundary layers nor surface 
phenomena. Hence, one may expect stability as well as 
reproducibility in production. The operation does not 
depend on minority carriers, which are a source of elec- 
trical noise in other semiconductor amplifiers such as 
transistors. In faet, the noise level should approach that 
of thermal noise and be made arbitrarily small by re- 
sorting to low temperatures. A further advantage is that 
the active region is not localized at a point or junetion, 
and therefore large amounts of power can be dissipated 
easily 

Magnetoresistance amplifiers, using bismuth elements 
and Philips Ferroxcube HT" magnetic circuits, have been 
built (3), and power gains as high as 13 db at a temper- 
ature of 9O-K and 31 db at 20 K are reported. Since the 
maynetoresistance in bismuth at BO K is 1.9 at a magnetic 
field of 2000 gauss, it follows that. by using indium anti 
monide magnetoresistance elements such as those for 
which data are shown in Fig. 6, an amplifier which will 


show good pain at ordinary room temperatures should 


be easily constructed. In fact, if some of the design 
variables are optimized, calculations indicate power gains 
of 30 to 40 db at 90 K and 50 to 60 db at 20 K. Similarly, 
for indium antimonide magnetoresistance elements gains 
may be expected of 30 to 40 db per stage at room tem- 
peratures and over 60 db if cooled to liquid-nitrogen 
temperature. 

A three-stage galvanomagnetic amplifier (3) is shown 
in Fig. 16. Adjustable feedback has been introduced by 
the use of the capacitor C2 and the resistance Re. Large 
dropping resistors Ry are used for the first two stages in 
order to maintain a constant current. Coupling is ob- 
tained by means of capacitors Ci. The bias magnetization 
is supplied by the current from a separate battery and 


( 


controlled by the variable resistance R),. 
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Fig. 1—The Hoover Constellation vacuum cleaner. 
- (5) Increased throw-away bag performanes 
Voise level reduced aw per (6) Complete disc harge-air diffusion 
(J) s el top hos ) elio 
cent with 20 per cent increase oe eee | top hose connection 
(6) Improved cleaning tools 
im motor horsepower in neu (9) Improved extension tubes 
H ( / (10) Improved cleaner hose 
oover vonstel ation vacuum The new appearance of the Hoover Constellation is a 
. cleaner. radical departure from the usual box. cylinder or canister 
shapes used as the outer shells of straight air cleaners 


lhere are sound engineering reasons behind this new 
look, Fig. |. The sphere makes for an inherently stron 
design. It takes advantage of the basie geometric fact 
that a sphere encloses the greatest volume of usable in 
terior space with the least « xpenditure ol surface material 


it adapts itself well to the function of a pressure 


TEN MAJOR DESIG PARGETS were specified by the en ;cuum vessel. By se parating the cleaner at it equator 
neering division of The Hoover ¢ ompany for its ney the designers were able to develop a combination furnt 
Model 82 Constellation cleaner as improvements over the ture uard and top cover seal. The spherical shape 

previous model 55. to wit: leal for wivel top arrangement ind permits « cellent 


(1) A new and distinctive appearance iir inlet, bag sealing and handle appli ations 


(2) New hich powerplant perforn ince Horsepower was increased 20 per cent ancl the ealed 

) Low noise level suction increased one-third over the previous model, yet 

(4) Easier throw-away bag installation and removal unusual quietness of operation was obtained in the new 
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I ig. 2 Cross-sectional view of pheri al cleaner 


design. The fan and motor system was designed so that 
only a very short length of unsupported motor shaft ex 
tends beyond the upper bearing to drive the suction fans 
This shaft overhang was reduced to Ll? '4, in. and the 
unsupported shaft length between the motor bearings is 
s+. in. These short lengths permit a high motor and fan 
speed with a minimum of vibration and whip. The motor 
operates at a maximum speed of 22.000 rpm under sealed 
suction conditions. At maximum load the motor speed 
is 16.500. Two different bearings are used in the Model 

? motor: One is a ball bearing carrying both axial and 
radial load and the other is a sleeve bearing 

The operating suction of the cleaner was stepped up by 
using a two-stage fan system with low blade height and 
1134, in. diameter fans. The peak efliciencies of the 
fans and motor were matched to coincide at the nominal 
tir flow which occurs most frequently in cleaning oper 
ations 

Motor frame is a rigid die casting to insure against 
hearing misalignment. The removable base of the motor 
is carefully keyed into the main frame and the rabbet fit 
is held to close tolerances to avoid any shift of the bear 
ing center lines. Long motor brush and bearing life is 
secured by precision alignment and close manufacturing 
tolerances, 

The unusual quietness of the cleaner was achieved by 
a combination of factors. The short motor shaft and rigid 
motor case tend to hold down the initial generation of 
noisemaking vibration. The power plant shown in Fig. 2 
is mounted in live rubber, top and bottom, to absorb 
both torsional and translational vibration. The armature 
and fan system of the power plant are held within an 
unbalance tolerance of 0.006 oz-in. each. The spherical 


Like an earthworm, the new plastics hose can be shape with its inherent rigidity and heavy central bulk 


stretched over 100 per cent of its free length, head lead to further vibration suppression. The central 
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bulkhead is solidly keyed into the lower hemisphere. In- 
creased noise muffling is secured by the felt-like secondary 
filter and the convolutions of the cleaner hose which give 
an acoustical filter action. The hinged cleaner base has 
an absorption muffler built into the outer periphery. Most 
of the noise emanating from the sphere is picked up by 
this absorption muffler. The Constellation cleaner has a 
noise level of ci.7 sones, Its predecessor, Model 55. had 
a noise level of 23.7 sones.* 

The hinged base of the new cleaner does triple duty: 
It is a transport glide, a noise muffler and an air diffuser. 
At nominal operating air flow the air velocity out of the 
cleaner air discharge opening is 1620 fpm. This high 
velocity air is discharged into an annular ring in the 
cleaner base. The annular ring then feeds the air into 
the diffuser opening between the base and the cleaner. 
Air is discharged all around the cleaner at an upward 
angle of 45 deg at a velocity of only 745 fpm, low enough 
so as not to disturb either the user or room furnishings. 

Market research indicated that a source of annoyance 
to the user was the difheulties associated with the in 
stallation and removal of the throw-away dirt bag. There- 
fore, more than the usual amount of attention was paid 
to securing a new and better quick-change, throw-away 
bag mount. Fig. 3 illustrates the complete accessibility 
and the easy method of bag insertion obtained. The 
cleaner opens in the middle, completely exposing the 
bag mount and making ample room for the manual 
operations required, The bag attaching collar provides a 
good handle for insertion and removal of the bag and 
also serves as a sealing ring. The new throw-away bag 
costs more than previous designs but excellent consumer 
acceptance indicates the results achieved to be well worth 
the extra cost. 

Iexperience in the cleaner field has shown that prope rly 
selected filtering area, material and volume are of primary 
importance to user satisfaction. The model 62 bag has a 
95 per cent increase in filtering area and a 63 per cent 
increase in volume over the design it superseded. This 
improved design permits the user to operate the cleanet 
at high efliciency three times longer than before. This 
increase in performance is charted in Fig. 4 showing 
nozzle suction reduction vs quantity of dirt picked up. 
User satisfaction with performance declines at the line 
marked X. The new bag permits the cleaner to maintain a 
high operating suction until the bag is practically filled 
with dirt. 

The spherical shape of the cleaner lends itself readily 
to the swivel-top feature, seen in Fig. 1. The user can 
place the cleaner in the center of the room and clean all 
around it without tangling either the hose or the ex- 
tension cord. An area of 750 sq ft can be cleaned around 
the cleaner without moving it. 

Of the five cleaning tools shown in Fig. 1, three are 
complete new designs and two were improved. Major 
design changes were made to the furniture nozzle, dusting 
brush, and bare floor brush. The two latter items are 
molded of polyvinyl chloride so that they cannot damave 
furniture. The bristles are set at an angle to permit better 
cleaning in corners and crevices. A sealed joint is pro 
vided so that no suction is lost between the tools and the 
attaching joints. The tools lock in position and are auto 
matically indexed for proper position when attached to 


their mating parts. The furniture tool has a newly de 





hig. 3 Simplicity of disposable bag removal is demonstrated 


signed polyvinyl chloride litter picker that is non-fouling 
and highly efficient. All tools are packed in a « ompact kit 

The prior model Hoover was equipped with two ex 
tension tubes with friction joints. The Constellation model 
has one telescoping extension tube, exclusive with Hoover, 
that has lock type joints with sealing gaskets in the ex 
tended position The tube can be used in the collapsed 
position for short-length above-the-floor cleaning. The 
telescoping tube also makes it much easier for the uset 
to store the tools and to bring them into use again 
rapidly, 


Ihe Model &2 hose is 


The hody Is made of elastomer polyvinyl chloride overa 


il completely new development 


coated spring wire The unusual features of the hose are 
flexibility and elasticity. This socalled Ultraflex hose has a 
normal free length of 6 ft and it can be easily stretched 


to 13 ft. The coated wire serves two purposes lt protects 
the relatively thin wall vinyl tubing against abrasion and 
it also serves as an anchor to hold the spring coils in 
proper position in the cover tubing. Fig » gives a 
good idea of the extensibility advantages of the new 
ie 
‘ ' , } 
z 





big. +} Effect of dirt accumulation in bag on suction at nozzle 
for two types of bage 
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Characteristics of 


Permanent- 


Magnet 
Synchronous 
Motors 


In the field of synchronous motors, some 
what of a gap has existed between the 
largest hysteresis and reluctance fypes and 
the smallest d-c excited machines (about 
20 hp). Now, a new type, the permasyn. 
promises not only to fill the gap. hut to 
challenge the hysteresis and reluctance 


motors in even the lowest hp appli ations, 
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ALTHOUGH THE D-C EXCITED SYNCHRONOUS MOTOR—with 
its excellent speed, efficiency and power-factor character- 
istics has a firm hold in drives above 20-hp, no similar 
security is enjoyed by the conventional motors used in 
smaller synchronous-speed drives. Of the latter motors, 
the hysteresis and reluctance types have been the most 
prominent. Certain shortcomings in these machines have 
led motor manufacturers to explore other basic motor 
principles. The permasyn comes as a result of such 
research 

The permasyn is defined as a synchronous motor, 
similar in construction to an induction motor, in which 
the member carrying the secondary circuit contains a 
permanent magnet field It starts as an induction motor, 
hut operates normally at synchronous speed. 

Although its full development is by no means com- 
pleted, the permanent-magnet machine has already proven 
its worth. A considerable quantity in the lower horse 
power ratings have been manufactured and successfully 
applied to several types of equipment. The experience 
rained from this usage makes it possible now to make 
positive statements regarding the operating character 
istics of the permasyn lo enable the motor user to 
evaluate these characteristics and to fully appree iate the 
advantages offered by the permasyn, it is advisable first 
to review the older types of synchronous machines. 

The American Standard Definitions of Electrical ‘Terms 
lists five types of synchronous motors. Two of these, 
the synchronous induction motor and the subsynchronous 
reluctance motor, have limited application; but the other 
three types have been used extensively. These are the 


svViie hronous, reluctance c and hysteresis motors 


Synchronous Motor. Phe conventional synchronous 
motor (with a-c stator, d-c rotor field) is characterized 
hy its ability to correct line power factor by drawing 
leading current. Having many successful applications 
in industry, it is generally available in ratings from 20 
to more than 30,000 hp. Unquestionably, it is the most 
elicient synchronous motor available for these large out 
puts However. the synchronous motor is not adaptable 
to the mass of applications involving lesser horsepower, 
since in such cases d-c excitation usually cannot be made 
available without adding complexity to the circuit. On 
the other hand, reluctance and hysteresis motors, which 
are not subject to the above limitation, have been widely 


used in small sizes. 


Reluctance Motor. A reluctance motor is fundamen 
tally an induction motor made to operate synchronously 
by cutting out portions of the secondary iron in sym 
metrically disposed locations about the periphery, so 
as to leave salient poles between the cuts equal in number 
to the primary poles of the revolving field. The purpose 
of these salient poles is to provide symmetrically disposed 
zones of low radial reluctance on the rotor surface, which 
will exert a powerful attractive force on the poles of the 
stator revolving field. This foree. under the proper con 
ditions of slip and inertia, will pull the rotor into syn 
chronism 

\ reluctance motor, havin i polyphase stator and a 
quirreleage rotor, starts and accelerates as an induction 
motor The secondary cuts have little effect except to 
reduce power factor. If the load is not too great, the in 
luction torque will carry the rotor up to some small 
value of slip (about 5 per cent) Then. if the total inertia 
of the rotor and its load is low enough, the special salients 
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will snap the rotor into synchronism, thus establishing 
a magnetic circuit of minimum reluctance. 

To accomplish this, the reluctance torque must be suf 
ficient to accelerate the rotor to synchronous speed in the 
time of one-half slip-cycle (the time required for a given 
point on the rotor to slip by one pole pitch of the revoly 
ing field). After attaining synchronism, the rotor will 


continue to run in step, so long as the reluctance pull-out, 


torque exceeds the counter-torque applied to the motor 
shaft. 
out torque, but can be equalized considerably by shap 


The pull-in torque is generally less than the pull 


ing properly the “synchronous cuts” of the rotor 

It is evident from the above that the synchronizing 
ability of a reluctance motor is a function of the strength 
of the primary field, which varies with the applied volt 
age; of the induction motor slip; of the inertia of the 
rotor and its connected load; and of the shape of the 
rotor salients. Hysteresis losses in the soft steel rotor core 
are small and of negligible value in effecting synchron 
ization. 

The squirrel-cage resistance, however, has a very 
marked effect on the synchronizing ability, because of 
its influence in determining the slip. A lower resistance 
cage means less slip (higher induction motor speed with 
a given load) and hence, less speed differential for the 
reluctance torque to overcome in the short time it takes 
for the rotor salients to slip by the poles of the revolving 
field. Reduced slip also increases the time of favorable 
alignment of salients and poles, which is an additional 
factor to help the reluctance torque pull the load-inertia 
into step. Combining the above, it may be stated that 
as the maximum induction motor speed increases, two 
variables appear to aid the reluctance torque in its fun 
tion of synchronization: These are a reduced speed dif 
ferential to overcome and more time in which to over 
come it. 
effect. 


A high resistance cage will have the opposite 


The shape, depth, and angular coverage of the salient 
and intersalient spaces have a great effect upon the rela 
tive values of starting, pull-in and maximum synchronous 
torques. For the best all around results, the secondary 
contour should provide salients which have the normal 
rotor diameter for about 45 per cent of the pole pitch 


Subsequently, these should shade inward, gradually at 


first, then more abruptly, to their greatest depth in the 


center of the spaces. 

Figs. | and 2 show two designs of reluctance rotor 
punchings which have been found to give well-balanced 
operating characteristics. Kach of these is the end result 
of a great deal of developmental study and eu h repre 
sents a slightly different school of thought. The punch 
ing of Fig. | is derived from a standard 44-tooth indu 
tion motor repune hing the teeth This 
method may be described as 


lamination by 
Individual 
motor characteristics can be varied by changing the con 
Hence, this design makes 
it possible to tailor reluctance-motor performance to suit 
However, the 


“step-cutting.” 
tour of the step-cut laminations. 
particular applic ations “clover-leaf” con 
tour in Fig. 2 has become standard in recent years. This 
design provides good general purpose performance and 
so has been adopted for production economy, 

Assume that the rotor laminations of a given induc 
tion motor have been punched with the ideal clover-leaf 
contour that normal voltage is applied to the stator, 


producing normal induction motor flux. and that. the 





Fig. 1-—Step-cut reluctance-mo- 


tor rotor lamination, This is 
derived from standard 44-tooth 


induction motor punching 





2 Clover-leaf rotor lamina 


hig 


tion for reluctance motor. This 
has become the standard con 


figuration 


rotor is operating synchronously It may seem at first 
that it would be possible to rate this reluctance motor the 
same as the induction motor. This would be true, if the 
motor were capable of delivering a maximum syne hronous 
output of at least 170 per cent of rated full load torque, 
and of pulling this breakdown load into synchronism, 
assuming low inertia 

Fests show, however, that such performance cannot 
be obtained from the reluctance principle. It is, in faet 
necessary to reduce the rating to about half that of the 
parent induction motor In addition, to meet the above 
specication for maximum Lorque the primary excita 
tion must be increased above normal by a considerable 
percentage \ considerable power margin is also neces 
sary to compensate for factors such as reduced line volt 
ave, normal overloads and the pulling into synchronism 
of high inertia loads 

lo realize the same rating as the original induction 
motor, therefore, the designer uses a larger frame siz 
ind usually excites the primary of this larger frame above 
its normal induction-motor density, This excitation must 


be enough also to take care of the Increase in average 


air gap caused by the salients Phe results are higher 
cost, lower power factor, lower efhicieney and higher 
temperature rise In addition, the reluctance motor has 


inother dj ad antaue 


noted inp conventional imeadue 





i 


hig. 3) Special fixture for mag 
nelizing experimental permasyn 
rotors. Cast alnico rotor can be 


een om center 


tion motors and that is the large variation in locked- 
rotor torque 

Reluctance motors are available in ratings going from 
the fractional-hp sizes up to approximately 30 hp. In the 
cases of the larger ratings (above 10 hp), it has been the 
poli y of some motor manufacturers to advise the user to 
consider specifying the smallest available d-c excited 
synchronous machine in place of the reluctance type. Cost 
ind dimensions including exciter are greater than those 
of an acceptable reluctance motor, but the performance 
characteristics of the d-c excited type are much better 
Despite its shortcomings, however, the reluctance motor 
has been the most used where small and intermediate 
ize synchronous motors are required 

Hysteresis Motor. Ilysteresis motors have been 
known since the beginning of the present century. How- 
ever, not much use was made of them before 1930, except 
is a power source for electric clocks and timers \t 
first, only in very small sizes (1/100 watt output or less) 
would the hysteresis motor operate more efficiently or 
deliver more powel than an induction motor of the same 
physical size Because of the improvement in the steels 
ivailable for its rotor and of increased design knowledge, 
it is possible at the present time to build units up to about 
14 hp with the expectation of good performance and 
operating elficiency. 

Hysteresis motors have the same type of stator as an 
induction motor, but operate more efficiently if the stator 
slot openings are closed.* They require no d-c rotor exci 
ation, nor is the rotor surface cut into salients to produce 
synchronization by relunetance torque. The starting 
accelerating, and synchronizing torques are a function 
of the hysteresis loss in a rotor ring of specially selected 
and heat treated steel, caused by the fundamental forward 
revolving field of flux. 

When such a rotor is assembled in a polyphase stator 
and constant voltage applied, producing constant flux 
density in the rotor-ring, the hysteresis loss will be di- 


rectly proportional to the frequency or rotor slip. Thus, 


* For additional information on hysteresis motors see: “Hysteresis Synchronous 
Motore Fmbody New Design Principles bigcrmecar, Manuracruninc, December 
1947; and “The Hysteresio Motor —Electrical Engineering, March 1948, both 
Herbert ¢ Roters 
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at standstill, the rotor loss is a maximum and the slip, 
a maximum, developing a certain starting torque or 
hysteretic drag. As the rotor accelerates, the slip and the 
losses decrease in the same proportion, the torque re- 
maining constant. 

This type of speed-torque curve is one of the most 
peculiar characteristics of a hysteresis motor. It is a 
straight line, parallel to the speed axis, at one torque 
point from standstill to synchronism. This is accom- 
panied by a constant phase-angle characteristic in the 
primary winding. Both of these characteristics are ex 
tremely desirable in very small motors because they make 
it possible to combine self-starting and synchronous char- 
acteristics in one motor, without change in connections 
in the primary winding. Another relationship of interest 
states that the above constant torque multiplied by the 
slip equals the rotor losses; but multiplied by the rotor 
speed (below synchronism) equals the motor output. 

At synchronism and no load, four points of maximum 
rotor flux density (4-pole motor) reside in the ring half 
way between the stator poles. The rotor then operates as 
though it were excited by four permanent magnets, having 
a flux density equal to the maximum of the hysteresis 
loop. At this point, if the voltage applied to the stator 
were doubled momentarily, the rotor would become much 
more highly magnetized. This would cause a great reduc 
tion of the magnetizing current drawn by the stator and 
a large increase in power factor, efliciency and maximum 
output. However, if the rotor were then loaded beyond 
breakdown (pulled out of step) on normal voltage, these 
advantages would disappear: and the torque, input watts 
and current, would return to their original values. 

The rotor of a hysteresis motor is likely to pull into 
synchronism in a different position every time it is started 
This is because it has neither salients to provide reluctance 
torque. nor d-c excitation to provide polar torque. This 
characteristic makes it unsuitable for certain applications, 
such as driving rectifiers or other devices. which must 
pull into synchronism in a definite angular relationship 
to the revolving field 

While the above discussion applies particularly to 
motors with polyphase stators, large quantities of hystere 
sis motors of the shaded pole type have been built, in the 
smaller sizes, for their special fields of application. 

Hysteresis motors are difficult to manufacture because 
of the sper ial steel and careful heat treatment needed for 
the rotors. They become increasingly expensive in large 
sizes. and have synchronous outputs which fall far short 
of the induction motor ratings in the same frame sizes. 
This type of motor is limited, therefore. to those sper ial 
ipplications that require its peculiar properties. A hy- 
steresis motor is fundamentally better able to synchronize 
high-inertia loads than any other type, because it does not 
make its final pull-in effort by impulse. Instead it drifts 
into synchronism, carrying with it any inertia load, pro- 
viding the hysteresis loss torque is greater than the 
counter torque of the load. 

Permasyn Motor. [he des: ription of the three most 
extensively used types of synchronous motors shows the 
need for something better, to satisfy the demand for out- 
puts from 1/10 to 30 hp. This motor should combine the 
good starting and accelerating characteristics of the in- 
duction motor with the high efficiency and power factor 
obtainable in a d-e excited synchronous motor. It should 


also eliminate the faults which make the reluctance motor 
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Fig. 4—Lamination for modern 


permasyn, Per manent-magnet 


rotor fits through center hole Fig. 6 Rotor for permasyn motor 


with block-magnet construction. 


I ig ) below) 

Magnet for perma 
syn motor with all 
poles in one cast 


ing. 


so unsuitable for use in large sizes, and which render the that such is the case, because the a-c flux density in most 
d-c excited motor too complicated and expensive tor induction motor rotors, under the bars, is extremely low. 
medium and fractional ratings. lo initiate the development, a preliminary model was 

Such an ideal motor should require: (1) no d-e exeita made up, using a 14-hp, 4-pole, 45-frame, polyphase in- 


2) no salient cuts in the rotor surface; (3) no slip duction-motor stator, assembled with a special squirrel 


tion 
ings: (4) a large output per pound of material: (95) cage rotor which had been repunched with a large center 
normal power factor and efliciency: (6) uniform starting hole. The hole came quite close to the inner circle of the 
torque; (7) good speed-torque accelerating characteris squirrel cage, leaving a thin steel ring all around under 
tices: and (8) maximum ability to synehronize high the bars. This ring was supposed to saturate, to prevent 
inertia loads the short circuiting of the magnet between poles, during 

\ well-designed squirrel cage induction motor meets operation, A 4-pole magnet was pressed into this hole in 
requirements | through 7. How, then. can such a motor the rotor and magnetized in place Using: & spee ial mag 
be made synchronous, and still avoid the use of d-c excita netizing fixture Fig. 3 capable of saturating all paths 
tion, or the salient rotor cuts of the reluctance motor? Upon removal of the rotor from the magnetizer, the 

\ substitute for d-c excitation is found in some of the thin steel ring under the bars became a saturated mag 
new permanent magnet mat rials particularly the alnicos netic short circuit between pole s, acting as a magnet 
It was thought that such a magnet, placed inside the keeper, holding the magnet density to quite a high level 
rotor of an induction motor, might provide adequate even with the rotor air-exposed. When the motor was 
unidirectional flux for synchronous yperation and, if issembled, a considerable portion of the magnet flux was 
such flux were properly directed radially, it would become diverted into the stator, although there was still too much 


unnecessary to cut salients in the rotor surface leakage through the oft iron ring for the best results 


The (que tion then arose Is the a-c flux density in the However fairl rood ncehronou perlormanes was 


secondary member of an induction motor low enough s¢ ibtained 

that a large center space can be made available for the \s the development evolved from this beginning, one 

insertion of a magnet. or magnets. while allowing the a- of the most notable i provements made was a change in 

fluxes to be carried in a soft steel ring under the squirrel] the design of the rotor magnetic circuit. The first models 

cage bars, without prohibitive saturation? Study showed worked because of a very narrow saturated steel ring left 
under the bars when the center hole was punched in the 


rotor. This ring had two fault It was too narrow to 


Table |—Standards of Performance for transmit properly the operating a-c fluxes, or to act in 
Pull-Out Torque the 


optimum capacit i i keepe: for the flux of the 


freshly magnetized rotor. Also. it was too wide to restrict 


Min 
Pull-out Pull-out 
Torque Torque 
Synch. Watts) (% of Rated) ring was made wider and a slot was punched in each 
AES interpolat space to reduce the leakage when operating 

66 177 lig 
125 202 
195 207 rings of equal conductivity to provide a low resistance 
a ace cage, having low slip and very high pull-in torque to over 
520 708 come load inertia. Most of these motors are polyphase 
725 194 and have sufhecient starting torque, even with this low 
1015 18] resistance cage. The narrow rotor teeth are also advan 
1420 190 tageous In acting as a valve on a-c flux surges through 
2050 183 the magnets at the time the rotor may be slipping in and 
2650 178 out of synchronism 


3850 172 i riniasyns have hee n built successfully 


the leakage between magnets to a low enough value, after 


issembly of rotor in stator. To overcome these faults, the 


a 
vo 


—n 
re Oo 


L shows such an up-to date rotor pune hing \ large 


irea is allowed for the bars. These are welded to end 


@ 
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big. 7 Typical performance curves for induction motor, G.t 
frame 45, rating 1/3 hp 


frames for all types of single-phase motors, including 
shaded pole Polyphase stators will be assumed through 
out this discussion to simplify the presentation. 

Rotor Construction. | hic L-pole rotor seen in Fig. 3 
is fitted with a single, cylindrical cast magnet, with four 
small seallops in the interpolar spaces. This magnet is 
finished ground to an outside diameter slightly larger 
(about 0.002 in.) than the hole in the retor, and either 
pressed or shrunk-fit into place. This fit is tight enough 
to transmit without slippage any torque which the rotor 
can develop. The rotor is composed of laminations similar 
to that in Fig. 4. The cast magnet is located in the correct 
angular position in the rotor so that the centers of the 
scallops are exactly in line with the interpolar slots in the 
punchings 

This integral rotor magnet is shown more fully in 
hig. 5. The alnico is cast around a center steel tube which 
is reamed for a press-fit over the motor shaft. The external 
cylindrical surface of this steel tube is knurled or fur 
nished with a few small holding screws (by welding). 
This construction is needed to lock the tube solidly into 
the magnet since the molten alnico will not weld to the 
steel when poured around it. 

Ihe integral magnet rotor should not be used for 
permasyn rotors beyond fractional-hp sizes for two rea- 
sons. First, cracks were seen to develop in larger castings 
of this type due to shrinkage strains set up by the large 
steel tube inserts. Also, it was difficult to provide a suit 
able magnetic field for the directional heat treatment of 
such large castings. The block magnet arrangement in 
which four cast alnico blocks, without inserts, are as- 
sembled on a square shaft, ground to the proper OD and 
fitted into the squirrel cage ring (see Fig. 6) surmounts 
both of these difficulties. With this design, the absolute 
size of the unit casting is reduced to one fourth and, due 
to the absence of an insert, there are no shrinkage strains 
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set up by dissimilar materials. Such blocks may be indi- 
vidually heat treated in a two-pole magnetic field, a com- 
paratively simple operation. For these reasons, the block 
design is used for all multi-polar permasyns, even in 
fractional-hp sizes. 


Operating Characteristics. (nider normal condi- 
tions, as when driving rated load, a permasyn is like a 
conventional synchronous motor operating at one fixed 
point of d-c excitation. As the load is increased, however, 
the permanent magnet excitation provides greater over- 
load capacity. This is so because as the rotor poles are 
pulled to a greater and greater angle of misalignment with 
the poles of the revolving field, there are a decrease in 
gap area and an increase in gap length for the holding 
flux. The flux density in the magnet decreases, but its 
external mmf increases, causing the flux density in the 
reduced gap area to increase. The net result is greater 
pull-out torque than would be realized with the original 
fixed excitation. The only way in which a d-c excited 
synchronous motor could be made to match this per- 
formance would be to have its field strength increase with 
the angular deflection of the rotor. 

It has been stated previously that a synchronous motor 


should be able to deliver a maximum pull-out torque of 


at least 170 per cent of the rating, to provide a factor of 
safety for overloads, fluctuating line voltage, ete. This 
criterion, however, varies somewhat with the absolute 
motor size. Therefore, it is desirable to have the require- 
ments stated more definitely. This is done in Table | 
covering the range from ‘4, to 3 hp. All permasyns so 
far developed, or put into production for customer's use 
have met these requirements. 


Comparative Performance. |he curves of Figs. 7 
through 10 give the comparative performance of induc- 
tion, reluctance and block permasyn motors, all in frame 
45. The induction and permasyn motors have stators 
fitted with the standard 220-volt winding, and the per- 
formance curves of Figs. 7 and 9 were obtained with 


normal applied voltage. giving normal induction motor 


flux. 


Fig. 8 -Typical performance curves for reluctance type syn- 
chronous motor, frame 45— rating 4 hp 
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The reluctance motor fitted with a rotor having the 
ideal surface contour (Fig. 2) has a stator wound 
with 27 turns per coil, instead of the 33 turns per coil of 
the standard winding. This causes a flux increase of 
22 per cent above normal, when operated on 220 volts. 
Phe performance curves of this motor are shown in Fig. 8. 

The rating is given as 44 hp, but study of the curves 
reveals that this high-flux motor has only 280 watts maxi 
mum synchronous output, while the requirement for a 
\4-hp rating in Table I is 395 watts. It is also evident 
from further study of the table that this reluctance motor 
should have been rated ‘6 hp. 

The induction and permasyn motors of Figs. 7 and 9 
are each rated 1, hp. The induction motor curves of 
Fig. 7 are normal and require no comment. The permasyn 
motor, giving the performance shown in Fig. 9, was 
first stabilized by slipping the rotor in and out of syn 
chronism on 242 volts, resulting in 20 per cent demag 
netization. Its maximum synchronous output was then 
found to be 610 watts, the requirement of the table for 
\~ hp being 520. If desired, it would be possible to use 
a somewhat lower applied voltage and less magnet stabil 
ization, and still deliver 520 watts. This procedure would 
increase the efficiency and power factor percentages 
above the values shown in Fig. 9. 


greater 


The 45-frame permasyn is capable of still 
power and may be forced to a '%-hp rating, as shown 
by the curves of Fig. 10. To accomplish this, the operat 
ing voltage was raised to 260 (rotor stabilized on 286). 
The measurement of the generated voltage then showed 
30 per cent demagnetization. With 260 volts applied to 
the 220-volt winding, the a-c flux was 18 per cent above 
normal. However. the performance of this motor was 
still good. total losses being only about LOO watts, well 
within the thermal capacity of the frame. Under these 
conditions, the maximum synchronous output increased 
to the high value of 780 watts, well beyond the table 
requirement of 725 for 1% hp. 

It should be evident from the outstanding performance 


of the permasyns, attested to by Figs. 7 through 10 that 


Fig. 9 Typical performance curves for permasyn motor: frame 
45; rating 1/3 hp; 220 volt test; demagnetization 20 per cent 
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this new type of motor has brought the superior charac 
teristics of the d-c excited synchronous motor into the 
small motor field, without the expense and complication 
of the excitation. As another benefit, it has retained the 
powerful starting and accelerating torques of the parent 
induction motor. 

Pull-in Torque With Inertia Loads. Ihe pull-in 
torque of any synchronous motor (except the hysteresis 
type) depends on: (1) the pull-in ability of the motor 
itself, which is a matter of electrical, mechanical, and 
magnetic design; and (2) the inertia of the connected 
load. The permasyn motor, when properly designed, has 
very good pull-in ability for high-inertia loads. The 
factors to be considered in this connection include the 
resistance of the squirrel cage, which must be as low 
as possible and within the limitations of the dimensions 
and the starting torque requirements. Also, suflicient 
cross-sectional area must be provided in the rotor ring 
under the bars to prevent saturation during pull-in. 

Phe '4-hp motor whose performance is shown in Fig. 
10 has a rotor inertia of 10.85 |b-in With a constant 
torque load just under the pull-out torque, it will pull-in 
with a load inertia of |1-lb-in.*. At rated load, it will 
pull-in with a load inertia of 120 Ib-in. (11 times rotor 
inertia). At no load, the permasyn motor will pull-in a 
load-inertia of 1000 Ib-in.? or 93 times rotor inertia 


APPLICATIONS 


The synchronous-speed characteristics of the permasyn 
have led to consideration of this type of drive in the de- 
sign of rotating rectifiers. The latter usually employ some 
type of contact-making device, which is opened and closed 
in synchronism with an applied a-c voltage. The open 
ing and closing contacts alternately show infinite and 
zero impedance to the cycling voltage, and this consti- 
tutes a rectifying action 

In addition to its synchronous speed, the permasyn 
motor has the advantage of being able to lock-in in one 
position only. This insures that the d-e polarity of the 
rotating rectifier will always be correct. Having two 
positions of synchronism, the reluetance motor in this 
same application will lock-in correctly only half the time, 
necessitating repe ated starts 

Permasyn motors in three frame sizes. and in ratings 
up to 5 hp. have been applied to rectifiers In one case, 
the change in rotor position over a large variation in 


line voltage and ambient temperature, was limited to 


2 deg. Over-rated motors were used to obtain adequate 


svstem stiffness This requirement can also be satisfied 
by a Spec ial desien a combination ol the \" rnasyn and 
reluctance principles which enables these small angular 
deflections to be realized without the use of oversize 
frames Space does not permit a detailed exposition of 
this construction 

Group Drives. |here are a series of inportant appli 
cations under this heading in which the higher efficiency 
power factor and smaller size of the units make the drive 
of large groups of synchronous motors practical. In 
many such cases, it is desired to vary the speed of a group 
of motors by operating them from an adjustable-fre 
quency supply, usually consisting of an adjustable speed 
m-g set. Voltage and frequen y are generally varied in 
direct proportion. On the low end, it is possible to go 
below 10 cycles, but here provision should be made to 


increase the voltage above the proportional value. if the 


9% 





pull-in torque is to be maintained. A low of 5 eycles is 
practicable, if this is done. Where really constant torque 
is wanted over a 10 to 60 cycle range, the voltage should 


The permasyn has already been used for remote high 
speed camera synchronization, where the characteristic 
of the 2-pole motor to pull-in in only one position is a 


begin to increase slightly at 45 cycles, then at an increas- must. Another related application involves the synchro- 


ing rate as the frequency is reduced. nization of television studio film projectors. 


Table I is a record of an actual test on a 1/4-hp motor Special-Purpose Constructions. |he permasyn mo- 
illustrating this characteristic. For larger or smaller 


motors the voltave rise needed would be different. and 
should be determined by test 

Textile Machines. Spinning machines for synthetic 
fibers offer many applications for synchronous motors. 


tor gives satisfactory performance when operated as a 
generator. If it is desired to use a permasyn as a gener- 
ator, it should never be run as a motor, because the first 
starting and accelerating operation would demagnetize 
the rotor magnets by 15 to 30 per cent. or more, depend- 
ing upon the value of the applied a-c voltage. On the 
other hand, generator performance is marked by the 


A typi al ria hine processes many strands simultane ously 


and each strand requires three individual motors for 


driving a constant-displacement pump, capstan and wind- characteristic of very little demagnetization. The great 


up reel. Generally, each group of three motors is driven “protection” given to the magnets by the low resistance, 
from a separate adjustable-frequency m-g set. Synehron- short-circuited squirrel cage and the low reluctance shunt 


ism between motors of a group, and extremely accurate paths through the steel ring, around the magnets, almost 


high-speed accuracy between groups are the require- cancels out generator demagnetization. The rotor char- 


ments. Typical adjustable frequency ranges for these acteristics conducive to good generator performance are 


motors would be 65 to 10 eycles, 100 to 33 eyeles, 130 high flux capacity and demagnetization resistance. Al- 


to 17 cycles, ete., with yarn speeds of over 6000 fpm. though the permasyn motor possesses these character- 


Although until the present, most motors on spinning istics, it is felt that better generator operation might be 
achieved were a machine specifically designed for the 


function. Then, for example. it might be possible to use 


machines have been of the reluctance type, many perma 


some special magnet materials that would not necessarily 
work out satisfactorily in a permasyn motor. 


One interesting factor to be watched in future develop- 


BOL) ll—Frequency-Voltage Relationship ment of the permasyn motor is that the larger (10 to 

for Constant Torque 40 hp) ratings may be achieved by going to longer 
stackings rather than to larger diameters. This is a 
departure from standard induction-motor design practice 
and offers several production benefits to the manufac- 
turer. For the motor user, the smaller diameter rotors 
will provide an inertia advantage. 

Another special construction that may be obtainable 
by the user will provide the combination of both high 
starting torque and high pull-in torque in a single rotor. 
These properties are normally not compatible, but can 
be realized by means of rather special end-ring construc 
tions 

Intermittent Duty. Some applications call for high 
synchronous performance for very short intervals. ‘To 
demonstrate the utility of the permasyn in this field, 
terminal voltage was increased gradually to 400 volts 
on a 220-volt, 49 frame motor. Readings were taken of 
maximum synchronous watts output and generated volt- 
age (1200 rpm) at each increment of applied voltage. 


Curves showing these characteristics are given in Fig. 
of the kva rating that would otherwise be needed 1} 


syt pump motors are tow in service, These 2 pole motors 
are 3-phase, rated Vy hp at 3600 rpm, with a 65.8 to J 
gear reduction. Here again, the permasyn is superior to 
the reluctance motor in physical size, power factor, eth 
ciency and starting power requirements 

An all permasyn-powered spinning machine would per 


mit the use of alternators with as litthe as 25 per cent 


lo correlate this performance with the earlier data 
viven in Figs. 9 and 10 for the 45 frame. it is necessary 
to consider the increase in stacking, and the turn ratio 
is required, the motors are operated directly from. the of the stator windings. The 49 frame is stacked to 2.75 
available power supply. The higher efliciency and smaller in. and the 45 frame to 2 in.. which gives a stacking 
size of the permasyns are still of advantage, while the ratio of | 


Other applications of the permasyn motor have been 


made inn wool blending machines, Sines only one speed 


375. There are also relatively more stator turns 


more uniform and greater starting torque compared on the 49 frame, so that 257 volts must be applied to 


to other synchronous Ly pes make the new motor pat produce the same flux density as that in the 45 frame on 
tu ularly allractive for eerTtain loads In a sper fie case 2() volts. 
le-hp, S-phase, d-pole, 1800-rpm motors are used for hig. 9 giving the 220-volt test performance of the 


driving wool blending machines. For this purpose, the > frame, shows a maximum output of O10 watts and a 


synchronous motors are built in the same frame size as 20 per cent demagnetization of the rotor magnets. Re 
The maximum ferring to Fig. 
synchronous output is approximately double rated torque, 


while the full load efliciency and power factor are some 


the induction motors of the same rating 11. the 257-volt point shows a maximum 


synchronous output of 930 watts, and a generated volt 


age of 90. The demagnetization is also 20 per cent 
what higher than those of the corresponding induction 


since the LOO per cent value is 113.5 volts. If the output 
motor 


were directly proportional to the stacking, it would be 
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839 watts (610 x 1.375). However the test showed 930 
watts, which as expected is about 11 per cent above the 
stacking ratio. 

In the 45 frame, 220 volts produced sufficient maxi- 
mum output to justify a 15-hp rating. In Fig. 10, with 
260 volts (18 per cent above normal) applied, the out- 
put rose to 780 watts, somewhat above the spec ified 
value for a '4-hp rating. A 280-volt test (Fig. 11) on 
the 49 frame (voltage only 9 per cent above the normal 
257) gave a maximum output of L050 watts—just above 
the LOLS watt “table” value for a \ 34-hp 
rating would, therefore, be logical for the 49 frame, and 
would give good operating characteristics. 


j-hp rating. 


If the overloaded output of the 49 frame continued to 
11 until the applied 
voltage had increased to 500, the output would be more 


follow the straight line curve of Fig. 


than the value (2050 watts) required for a 1'-hp rating. 
There is some doubt that this would occur, because the 
demagnetization curve is dropping at an increasing rate 
as the a-c voltage is raised. 

There is a way, however, to reach this double-load 
point—by changing the magnet material to alnico VII 
(motors of Figs. 9, 10 and 11 used alnico VI). Caleula 
tion shows that the no-load generated voltage, before 
any motor operation, would be 81 instead of the 113.5 
of Fig. 11. The flatter demagnetization curve of alnico 
VII would cross the alnico VI curve at the 330-volt 
point. Hence, for all voltages below 330, the alnico VI 
rotor would show the greater output. At the 410-volt 
point, where the generated voltage of the motor tested 
has decreased to 50, the alnico VIL demagnetization 
curve would show 67 volts. If the output at 410 volts 
(1640 watts) were increased in direct proportion to the 
rise of the d-e flux, an output of 2200 watts would be 
indicated, because the higher d-c flux would increase the 
power factor and lower the input a-c current. An output 
of at least 2050 watts would, therefore, be conservative. 
This would justify an intermittent service rating of 11/4 
hp, or twice normal, It is impossible to realize such great 
overload ratings from either the reluctance or hysteresis 
types. Neither has much additional power margin beyond 
its continuous rating that could be utilized, by increasing 
the applied voltage, for higher intermittent service out- 
puts. 

Future Development. In regard to the future devel 
opment of this new motor, much depends upon the propes 
ties and costs of permanent-magnet materials. Permanent 
magnets with considerably higher energy than now avail 
able are theoretically possible. It is fair to state, that if 
alnico or its equivalent had not been developed there 
On the other hand, if further 
improvements are made in magnet materials, there will 


would be no permasyns 
be better permasyns. Production of a magnet of greater 
energy, by increasing the residual flux density with no 
increase in coercive force, will not help the permasyn 
motor. However, if the new magnet has greater energy 
bee ause ol ini reased eoercive force and having the same 
residual, the improvement in output, power factor and 
elheieney could be remarkable. 

would retain the residual 
of alnico V, and extend the co 
ercive force to perhaps 2000 oersteds. 


Thus, an ideal magnet 


value -12,600 gausses 


Such a value of 
coercive force, would insure litthe demagnetization as a 
result of pulling the rotor in and out of synchronism. 
Calculation shows, that, instead of the 30 per cent de 













































































big. 10 
of increased applied voltage. Motor identification is as follows 
frame 45; 


Performance curves of permasyn motor showing effect 


rating 44 hp; 260 volt’ test; demagnetization 40 
per cent 


@ Apprommoatle operating 
points 4@ Ap motor 





hig. 11 -Demagnetization and maximum power characteristics 


for 49 frame, 4-pole, 3-phase, permasyn moter with alnico VI 


block magnet rotor. Voltages above 280 permitted for short 


time ratings only 


magnetization of alnico VI undergone by the ¥-hp motos 
of Fig. 10, this drop would be only 10 per cent with the 
ideal magnet. The latter would also produce a much 
higher initial generated voltage, because of its higher 
remanent flux. The net result would be that after stabil 
ization, the rotor flux would be 70 per cent higher than 
that of the good motor of Fig. 10 

likely 


permasyns, instead ol induction motors, in many non 


One very development would be the use of 
synchronous applications, such as hermetic COMpressot 
drives. Much depends, therefore, upon the future develop 
ment of permanent magnet materials of higher coercive 
force, without saerifice of flux capacity, at a cost no 


higher than that of the present alnicos 
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Artwork Procedures in 


Printed Wiring 


HERE ARE A LARGE NUMBER of possible methods of re 


producing a circuit design upon the surface of a printed 


boar d | hie d ifle I 


number of boards to be made from the same drawing; 


wiring methods according to. the 


for example, the drafting procedure required for high 
production will be more complicated than that required 
Three different methods will be 


these are single-board procedure short 


for a single board 
discussed here: 
run production procedure and high-production pro 
cedure 

The single-board procedure is the quickest and cheap 
est way to turn out one board for experimental use \ 
few of the single-board procedures are capable of making 
more than one board, but they should never be used 
where any tooling is involved. The short-run procedure 
is used when the quantity is not great enough to warrant 
yer oduc tion prune hing and blank brig dit s but w he re more 
than a few boards are required The high-production 


blanking 


dies and this procedure Is complicated bre alist ol align 


procedure utilizes production punching and 


ment requirements between the artwork and tooling 
The following definitions apply to. these 
{riworl 


procedures 
Phe land or conductor pattern of the desired 
configurations for the circuit The 


articular pattern 
| | 


is generally made two to four times larger than the 


finishe d wor k | loweve I in the case of very small wor k 


where greater accuracy is required, larger scales can 
be used. The only limitation should be the size of the 
copy board on the camera to be used. The artwork will 
appear as black lands or conductors on a white or trans 
parent background 
Photographic Vegative \ 


transparency where the 
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transparent portion corresponds to the land pattern 
desired on the finished printed wiring board. 


Photographie Positive x \ 


opaque portion corresponds to the land pattern desired 


transparency where the 


on the printed wiring board 


Artwork Materials 


The characteristics of the artwork materials are very 
important to the designer since the finished tolerance and 
the layout time depend to a large extent on their proper 
selection. Glass plates are preferred as a photographic 
negative or positive because of their low thermal and 
cloth or 


Stabilene film is recommended for laying out work where 


hygroscopic coefficient of expansion. Glass 
dimensional accuracy is definitely required. Due to the 
higher cost of glass cloth, it should be used only when 
needed, Not all drawing inks are good for these base 
materials due to cracking, chipping and non-adherence 
The best ink to use with the base material chosen should 
be determined by trying many different makes and check 
ing these for the optimum quality. 

For general artwork, where good dimensional stability 
illustration boards may be 


is not of prime importance 


used for the layout. For photographic use, acetate and 
vinyl film is used, in addition to the glass plates. Acetate 
film has the advantage of low cost and good definition 
The main disadvantage of acetate film is the thermal and 
hygroscopic coeflicient of expansion during processing 
and production use; this figure may be as much as 0.02] 
to 0.023 in. per ft. Vinyl film has a coefficient of expan- 
sion of 0.007 to 0.009 in. per ft. A disadvantage of 


vinvl film is that any concentrated heat will cause warp- 





The first critical phase of printed 
circuit design is the artwork used 
in making up the masters for the 
printed wiring boards. This dis 
cussion, derived from IBM. prac 
tice, relates basic problems lo pro 
cedure. Tolerances, costs and other 
factors are appraised in a “hou 


lo do-it” approach, 


ing and distortion, and low temperatures will result in 
brittleness. Mylar base film, a relatively new product, is 
a very smooth surface material which gives excellent 
definition. The thermal and hygroscopic coefficient of 
expansion is less than that of the vinyl base film. 

The artwork can be made using flat black tapes in 
place of ink for the conductors and lands. Various siz 
tape lands and tape conductors may be obtained com 
mercially. Acetate tapes are not recommended because 
they have a tendency to creep after being applied to a 
pattern, especially on a curve. The recommended ma 


terial is a nonglossy black crepe tape 


Design Considerations 


The design of the printed wiring board affects the art 
work to some degree. For example, a standard land pat 
tern, shown in Fig. |. is desirable with high production 
and automatic assembly techniques. The coordinates of 
all holes are in a fixed location with respect to the edge 
of the board. The coordinate system shown in this figure 
has been proposed for use by RETMA. The basic module 
Vis 0.100 in.. 
quarter modules that are 0.050 in. and 0.025 in. respec 


tively. The component section CM should be of sufficient 


and can be broken down into half or 


size to handle the largest component to be mounted on the 
printed wiring board. For versatility, the component spa 

ing YM and XM should be sufficient to handle at least one 
The dimension 7 VM 


must be matched against the socket to be used 


conductor and the diameter of a land 


This standard land pattern will result in savings in 
artwork preparation, set-up time on automatic component 
assembly machines, and cost of 


produe tion pune hes 
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Automatic component assembly 


machine registering edges 


snowed 


oo0000e0 
Oo00000e0 


O000000 
Oo000000 


O0000080 


Fig. 1—A 
land pattern suitable 

for high-production 

and automatic assem- Note 
bly techniques. The 
system of coordinates 
shown here has been 2 eer 
proposed as a RETMA ry xen 


standard. 


standard 


"M' can be full, half or quarter 
of the basic module 


"Kk are constants 


Wot 
Y are whole 
number variables 


Vhese savings result in decreased cost, inventory, inspe 
tion and servicing. The emphasis in this design is on 
maximum possible versatility although at the expense of 


compactness 


Another design problem that affects the artwork proce 
dure is whether the pattern is to be on one side of the 
printed wiring board or on both sides. 
on both sides 


If the pattern is 

are the through connections going to he 

plated holes, eyelets, or some other type of connection? 

Is the board going to bye dip soldered? Are the compo 

nents to be inserted by an automatic componentinserting 
, 


machine? These questions must be answered by the in- 


dividual designer and the tolerances involved taken into 
consideration. 

When dip soldering is to be used, eyelets copper plated 
holes, or some other means of drawing the solder through 
the hole in the board is required. The plated hole serves 
to make connections 


the board. The 


the lead diameters of components that the components 


to the land pattern on both sides of 


iuthors have found despite variation in 


can be satisfactorily dip soldered when placed in a stand 
ard hole larger than the greatest Component lead diameter 
By making the hole this siz 


allowed in the 


vreater tolerances can be 
tulomatyr component inserting machine 
and will allow room for the solder to rise in the hole. To 


assure @ proper joint the lead is crimped to make the 


connection mechanically stable, and flux is applied before 
soldering This allows one standard hole S170 revardless 
of the component lead diameter. The land diameter should 
be at least 0.060 in. larger than the diameter of the hole 


providing for adequate punching tolerances 


In the preparation of the land artwork it is important 
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lo provide a centering mark in the event the holes are to 
be drilled. This mark should be approximately 0.012 in. 
dian 

[he designer should know what type of connector he is 
going to use, what the contact spacing is, what sizes are 
commercially available, and what thickness of board is 
required, A knowledge of all of the dimensions of com- 

PERREREE ani t ponents that are to be used is useful These are generally 
® commercial items and may dictate the design of the board. 
The designer should be thoroughly familiar with all of 
the Underwriter’s Laboratory requirements for printed 
Wwirith hoards, These require nts limit the minimum 
spacings and conductor line widths. In no instance, how- 
ever, should the designer attempt to go below 0.020 in. 
line width or spacing or both unless it is absolutely nec 
@ssa@ry 

\ll lettering to be processed with the printed wiring 
hoard should be at least %45 in. high and 0.015 in. line 
thickness. ( omponent designations that are silk screened 
on the printed wiring card at completion may be a mini- 
mum of '4, in. high and 0.015 in. line thickness. 

The most popular methods for making printed wiring 
boards are by silk screening and photographic printing. 
The end result of the artwork procedure will be deter 
mined by the method used in making the printed wiring 


ard \ convenient chart follows 
eeeee#es 


i 4 


graph 
k-screer 
Silk-screer 


BLS TO ! Artwork Procedure 


Single Board Vethods. Three ol the five methods for 


big 2) Drawing for a printed wiring ecard ready for shoto- . 
! i making printed wiring boards are concerned with single 


graphic reduction, The most critical dimension to which re 
duction is required is indicated in ink as shown, This may be hoard production while one is for short runs and one for 


length on idth as may be nece wy in any specihie case high production quantities 





ig. 3 Techniques used in the high-production method for making printed wiring board { shows a metal tem 
plate prepared in a multiple registration hole punch and used to make a master multiple registration plate. B, a 
punched template used to prepare additional master plates. C, punch arrangement to open holes to desired diameter 
of the land. 
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The direct single-board method is recommended only 
for single-sided nonplated hole boards. In this method, 
the required circuit is painted on a piece of copper-clad 
laminate. The paint must be a good etching resist and is 
applied with a small brush. Single-sided boards only 
should be made by this method since difficulty may be 
encountered in registering the front and back pattern. In 
making plated-hole boards, painting the resist over the 
entire background area can be tedious. 

The drafted-pattern and the stencil-film methods tot 
single boards do not involve photography in the prepara 
tion of the artwork. Both of these methods can be used 
with either the silk-screen or photo-resist process 

The drafted pattern method may be used for circuits 
that are more complicated than those produced by the 
direct method, and for use on double-sided plated hole or 
nonplated-hole patterns. The conductors and the lands 
should be laid out, full size, using vellum drafting paper 
or a matté-finish film as a base. If a positive is desired, the 
lands and conductor pattern can be applied by using tape 
or inking in the pattern. If a negative is required, the 
conductors and lands should be scribed on a sheet of 
Stabilene Scribe Coat film. 

With the stencil film method a relatively small amount 
of detail is accommodated, but excellent line definition is 
attained. Fine line detail on the order of O.OLO in. lines 
and spacing may be produced. The full-size circuit pattern 
is laid out on drafting paper, giving all conductors and 
lands their desired dimensions \ sheet of ruby red silk 
screen stencil film is placed over the drawing, and the 
outline of the conductor lines and lands are cut with a 
sharp razor. Care should be taken not to cut through the 
vinyl base support. The red film is then peeled off, leaving 
the desired portion of the stencil to produce either a posi 
live or a negative. This film pattern can be used in lieu 
of a photographic transparency, the red areas providing 
i filter to actinic (ultraviolet) light. 

In both the drafted pattern and stencil-film methods the 
artwork must be full size. Since these methods produce 
hand-made films, in which the aecuracy is limited. they 
ire only used for noneritical experimental boards 

Short-Run Method. When the design of a board has 
passed the basic experimental stage, the re quirements may 
{ ill for a greater ae ree ol acceurac ind untlormity ifi¢ 
improved appearance Increased production quantity ma 
thus require additional preparation of artwork. The short 
run method is used for intermediate quantities and in 
volves the use of photography in producing the final 
transparency for the production of the board. 

By photographic ily reducin the original artwork 
errors in layout and drawing are minimized and line 
definition is increased. The theoretical accuracy strived 
for in the reduction of the original artwork is often diff 
cult to obtain. Reasons for this are as follows: Errors in 
the lens of the camera used: nonparallelism between the 
copy board and the film holder improper choice of the 


transparency base for the particular job: improper con 


trol during processing of the transparency: and improper 


handling of the transparency after processing and during 
production. Good camera setup and operation together 
with close processing control can minimize these errors 

In preparing the artwork for the short-run method. a 
layout is made of a predetermined grid network. This is 
four times size or as large as is possible with the camera 
copy board available. The base material can be a Stabilene 


Problem—Critica! Tolerances; Short-Run Method 


Two printed wiring boards measuring about 5 «x 7 
in., side by side, were to be silk screened. This item 
was scheduled to be a fairly high production item 
and the regular production method of making the 
final transparency was to be used However, due to 
the desire to run a few boards before the proper 
transparency and tools were ready, modification of 
the short-run method was employed 

The grid pattern was drawn up and lands and 
onductors were applied according to the drawing 
A single hole punching template was made by drill 
ing holes in a steel plate upon which was printed 
the full-scale land master. After silks creening a few 
of the boards, it was discovered that the land pat 
tern was approximately 0.020 in. out of alignment 
with respect to the hole. The tolerance required for 
this board was 0.005 in. The large discrepancy was 
traced to the fact that the end template and the 
land pattern did not precisely coincide because 

1. The transparency used for the template layout 
was not made at the same time as the conductor 
pattern transparency used for making the silk screen 
2 Certain camera errors are always present in 
practically al ameras 

3. Manual drilling of the holes in the template 
results in loss of accuracy 

The time spent in this short-run test was approxi 
mately 20 hr, but a considerable number of rejects 
were found. The production method for making the 
final transparency directly from the tools required 
approximately 34 hr of work, but the desired tolerance 
of +0.005 ir f the land pattern with respect to 


the punched hole was attained 


film, glass cloth, illustration board, white Formica lami 
nate, or similar material. Grid lines should be drawn with 
a fine sharp pencil, since they are later erased. If a more 
permanent grid pattern is desired, the lines may be drawn 
using alight blue pencil or light blue ink. These blue lines 
are left on the layout board and will not appear during 
the photographie process if a blue filter is used 

After the lines are 


ipplied by placing the proper size tape lands in position 


ud out, the desired land pattern is 


The lands may be inked, although this eliminates re-use 
of the layout board. The most critical dimension (length 
or width) of the finished card should be indicated in ink 
Fig. 2 
photographie aid iving 


parallel to the required dimension. This is a 
the photographer the exaet di 
mension to which the drawing is to be reduced. The 
dimension should be placed at a suitable distance outside 
the borders of the card so that it will ippear Vo in. from 
The con 


fines of the card should be shown also on the layout in 


such demareation hen reduced to final size 


pencil or ink to enable cutting to finished size 

When all the lands and terminals are t iped or inked in 
place and the critical dimension and confines of the card 
are shown, the layout is photographic ally reduced to two 
times the finished size. This is made on a vlass plate The 
plate will be referred to as the land master in the short-run 
method, 

\ full-size negative or positive is made from the land 


master if it is desired to make a hole pune hing or drilling 
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Problem—Use of Film; High Production Method 


in making photographic transparencies with the high 
production method, no temperature humidity controlled 
photographic room was available, and the photo work 
was done on film. This resulted in a mismatch between 
the transperency pattern and the holes in the board 
The error was on the order of 0.015 in. to 0.025 in. If 
this work were done on glass, as it eventually was, the 
error would have been reduced by a factor of at least 3 


to 4 


In the accompanying illustration, Board “A {photo 


template for the pattern. This transparency is reduced 
accurately to full size in order that the drilled template 
will match all subsequent reductions to full size. Using 
this transparency, the pattern ts then reproduced on the 
metal te mplate s material by the photo resist method or by 
silk screening. The hole locations can then be located and 
drilled by any good machining technique 

\ positive contact print of the land master (twice size) 
is used for laying out the conductors on the land pattern 


A vinyl, Mylar-base 
for this step 


or a suitable equivalent film is used 
\s many positive prints as are required for 
the desired number of different circuits are made. Th 
land pattern will be identical on all prints 

At this point, the individual cireuit conductor lines are 
taped in place on the positive patterns with the tape twice 
the width of the finished conductor. These conductor lines 
may also be inked if desired. Care should be exercised 
when laying in the conductors to maintain a neat-looking 
professional hoard. After laping o1 inking in the conduc 
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work on glass) shows a sample of good registration, with 
the holes being well centered within the land area. 
Board "B 
the transparency or of the expansion of the board after 
the holes were punched and prior to application of the 
pattern. This is evidenced by the proximity of the hole 
to the edge of the land at one end of the board, and 
the same condition at the other end of the board, but 
in the opposite direction. Board "“C 


is fair, but shows the effect of shrinkage in 


indicates an ex 
treme case of mis-registration 


tor lines, and adding in ink a part of card designation 
within the confines of the card, the pattern is accurately 
photographically reduced to a full-size positive or nega 
live It must be remembered that the finished board will 
be only as good as the steps leading through the artwork 
phases, 

High-Production Method The previously 


method is accurate enough for all general work, but high 


described 


production requirements dictate greater accuracy. This 
accuracy 1s required between the punching tool and the 
photograph master The following method has been 
proven reliable because the artwork is derived from the 
punching tool: 

The design of the grid network, in conjunction with the 
registration holes, is the first step in this high-production 
method. The quantity of boards to be made on one sheet 


depends upon the size of the individual board and the 


handling capabilities of the processing equipment. It is 


desirable to use the largest sheets that can be handled by 
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the equipment available. However, large copper-clad 
laminate sheets may be affected dimensionally by changes 
in temperature and humidity. This instability also applies 
to the photographic work and the silk screen. In ceneral, 
work measuring up to about 10 x 18 in. has not presented 
any problems. 

When the grid network is laid out, a registration hole 
is plotted at the top and bottom of the board outside the 


confines of the board. It should be noted that the holes are 


positioned to allow approximately Ve in. to ¥, 6 in. be 
tween the boards when they are placed side by side. Tools 
are then prepared to punch the multiple and single holes. 

When these punches are completed, a sheet of 0.005 in. 
to 0.010 in. shim steel is prepared in the multiple registra 
tion hole punch. This will make the metal template A 
shown in Fig. 3. This template is contact-printed onto a 
vlass plate, producing a positive pattern, which appears 
as a clear piece of glass with the registration holes as 
black dots. The black dots are bleached to a straw color, 
using standard photographic solutions for this purpose. 
This step assures accurate alignment of the spots with 
similar black spots in a later step. Care must be taken to 
avoid loss of definition during the bleaching process. This 
plate will be referred to as the master multiple registration 
hole plate. 

\ template, shown in Fig. 3 at B, is made from 
0.005 in. to 0.010 in. shim stock and is used in prepara 
tion of additional master plates. This template is punched, 
first with the multiple registration hole punch and then 
with the single-board hole punch. If desired, a single 
section, as designated by the dotted line in A, Fig. 3, may 
be cut from the multiple registration hole template. Afte: 
final punching, a template such as shown at B is obtained. 
Using a tool similar to that shown at C, all the holes in 
the single-board template are opened to the desired diam 
eter of the lands. 

\fter opening the holes to the desired land diameter, 
the metal template is contact-printed on 


glass, producing 


a positive print. On this glass positive, two cross hairs in 
diagonally opposite corners are applied outside the con 
fines of the finished board. These cross hairs are used in 
later steps for precision alignment. A negative glass plate 
is then made from the positive plate by contact printing. 
The negative glass plate will be referred to as the single 
pattern master plate. 

Phe next step in the high-production method is to ob 
tain prints of this plate. If a temperature- and humidity 
controlled photography room is available, a sufficient 
number of contact prints are made to match the sets of 
registration holes on the master multiple registration hole 
plate. These prints are made on vinyl, Mylar, or suitable 
equivalent film. If a temperature- and humidity-controlled 
room is not available, these contact prints are made on 
glass plates. This difference between making the contact 
prints on film or glass illustrates that glass plates are the 
only type of base material relatively unaffected by changes 
in temperature and humidity once the plate has left the 
processing room. 

The contact prints of the single pattern master plate 
are then carefully aligned on the master multiple registra 
tion hole plate, with emulsion facing emulsion. This align 
ment must be done accurately and is performed by using 
the bleached dots on this plate and the black registration 
hole dots on the single-pattern master plate. After this 


alignment is completed, a single glass plate is made by 


Problem—Socket Design in Printed Wiring Board 


A problem arose when the work was completed before 
it was discovered that the socket terminal spacing 
on the board did not match commercially obtainable 
sockets. The socket terminal spacing was made similar 
to the land spacing. Even though the designer had 
a neat appearing board, with lands and terminals 
coinciding, a special socket had to be designed 


photography. The glass plate will appear as a negative. 
lt must be noted that when this composite is made up of 
vlass plates, it will be necessary to use a rear illuminated 
copy board and a camera to make the reproduc tion. Front 
lighting on a glass composite will produce undesired 
shadows. A glass contact print is made of the negative 
and is called the final glass land master. 

A layout master is now prepared by making a twice-size 
glass positive of the single pattern master plate. All of the 
previously described steps in the high produc tion method 
are performed but once for each different land pattern. 
Thus, a standard land pattern results in considerable say 
ings in the preparation of artwork. 

The layout master is now used to prepare a variety of 
different circuit boards. With this twice-size master as an 
underlay. the circuit is applied on glass cloth, Stabilene 
film or a suitable equivalent, using ink or tape. The cross 
hairs used for alignment are traced at this time. Care is 
taken to insure that the conductors go well into the land 
area. On this overlay, a critical dimension is shown out 
side the confines of the board, in order to obtain an accu 
rate reduction to full size. The overlay is reduced photo 
vraphically to a full-size negative, Then as many positive 
prints as are required to match the sets of registration 
holes are produced by contact printing. Glass or film is 
used for these photographic positives, in accordance with 
the previously mentioned restrictions. Using the cross 
hairs, the photographic positives of the circuit pattern 
overlay are aligned on the final glass land master. The 
emulsion on one master must face the emulsion on the 
other. This composite is reproduced photographically to 
either a positive or a negative, as required for the manu 
facturing process. Here again, if the composite is made up 
of glass plates, a rear-illuminated copy board and a 
camera must be used 

Some of the photographic steps mentioned may be 
eliminated if “Auto-Positive” vlass plates are used. Also 
when silk screening it may he desirable to use one half 
of the sets of registration holes on the processing sheet 
for the front pattern and the other half for the back pat 
tern. When silk screening, if the board is turned over, the 
front and back patterns will automatically register. This 
(1) That the pattern he 


symmetrical, or (2) that the punching of the processing 


requires either of two conditions 


sheet be reversed at the half way mark. This method will 
allow the use of but one silk screen for both front and 
back pattern 
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Computer-Prepared Numerical Data 
for Machine Control 


The Giddings & Lewis Skin Mill features magnetic-tape control of machine motions. An 


electronic Computer prepares magnetic tapes from data punched into paper tape from parts 


drawings, thus eliminating the need for machine “dry runs.” 


Pik Wich spkeps of today’s jet aircraft impose severe nesium into the form of Fig. 1. where surface and ribs 


tresses on the surface or “skin” of such planes. ‘To are parts of one continuous piece. The ribs of Fig. 1 can 
accommodate these stresses, aeronautical engineers have be formed by straight channel cuts. An actual skin, how- 
developed the integrally stiffened skin, which differs ever, may require cuts of much more complex contour. 
radicall from previou constructions i incorporatin The skin mill is a machine developed to meet this 
fabricated rib structures covered by thin sheet materials need for machining aireraft skin sections from solid 


In the new skins, the equivalent of this built-up design is heets or slabs of aluminum. Basically, it is a planer-type 


whieved by machining thick slabs of aluminum or mag milling machine, but differs from ordinary planers-millers 
in that the feed rates are higher and the spindles have 
more horsepower and higher speeds Siniee the work is 
enerally 75 ST aluminum Independent infinitely-ad 
justable speed drives are provided for all feeds. The 
iutomatic and simultaneous control of these drives. to 
produce intricately contoured workpieces obviously 
presents complex problems 
Mechanical copying devices have been widely. used to 
ruide cutting tools over complex paths. In recent years 
the limitations of such devices have been largely overcome 
by the substitution of electronic for mechanical control 
through such media as punched and magnetic tape, wire 
ind even film. But all of these have required the record 
ing of the initial control data from templets, operator 
produced sample pieces or machine “dry runs.” Now, 
a new system is available to circumvent these intermediate 
steps 
With the “Numericord” system, as developed by the 
Giddings & Lewis Machine Tool Company, Fond du Lac, 
Wis., machining cycles involving as many as five machine 


Fig. | Samples of integrally stiffened axes and 22 auxiliary machine functions are completely 
parts. These are produced by mill- 


planned and engineered by mathematical computation. 
ing out solid slabs of material 


Precaleulated data, in normal numerical form, are proc- 
essed by an electronic computing director into continuous 
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hig View 





of Giddings & 
Lewis skin mill with tape- 
control cabinet at right 
Head motors are water 
cooled and are characterized 
by smaller size and less in 
ertia than air-cooled motors 


of equivalent horsepower 


phase-modulated command = signals, which are auto 


matically recorded on magnetic tape. This tape is elec 
tronically read in the machine control unit to operat 
sensitive, wide-range servomechanisms which perform all 
feed and traverse functions automatically. This makes 
possible accurate repetition of an entire machinin pro 
ram for producing identical parts in any quantity and 


to tolerances limited only by the accuracy of the machin 


tool ordinarily ranging between 0.001 to 0.002. in 

While applicable to many types of machine tools, the 
Numericord system Is now being used to control in at 
eraft-type spar and skin-milling machine. Fie. 2 per 


’ 


forming all “plunge,” “channel 


“pot ket” and contour 
ing cuts necessary to mill complete jet plane skin and 
wing panels. With it, such non-productive operations as 
tool setting. gaging, te mplet changing and positioning are 
radically reduced or completely eliminated. Avoided, too 
are time and material losses resulting from wasted opera 
tor motions, lack of skill, misealeulations and human 
error. The system also eliminates inaccuracies inherent 
in templet-tracer controls, as well as mounting and 
mechanical linkage problems encountered in’ multiple 
templet contouring. 

Four major components make up the Numericord 
system: (1) a paper-tape preparation unit, which punches 
on a master tape the decimal information previously 
calculated from part drawings, tooling data and machin 
feed rates; (2) an electronic director, which converts 
digital information on the paper tape into phase 
modulated, time-coordinated command signals recorded 
on proper parallel channels of a magnetic tape; (3) 
General Electric Company electronic play-back circuitry 
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hig. +} Diagrams of elementary servo systems A) Followup 
rangement with crank input. (B) Similar servo system with 


magnetic tape apparatus substituted for crank and input 


synchro 


which reads commands off the magnetic tape and sends 
appropriate electrical control signals to the machine; (4) 
electromechanical, machine-control units which operate 
in closed-loop servo systems to position machine axes 
in accordance with taped command signals. Machine 
auxiliary functions and non-feed controls are operated 
automatically through relay circuits from command im- 
pulses on other parallel tape channels. 

Magnetic-Tape Control. before discussing the com. 
puter functions, some explanation is needed of the basic 
machine motions and how they are controlled from 
magnetic tape. Three machine motions are combined to 
cause the cutting tool to describe any desired path in 
relation to the workpiece. As seen in Fig. 3, these are 
movement of the table, the crossfeed of the right-hand 
head and the rise and fall of the right-hand head. If 
desired, it is possible to also control the swiveling of the 
vacuum chuck from the magnetic tape. All movements 
are driven by individual adjustable-speed d-c motors. 
which are powered by rotating amplifiers (amplidyne 
generators). The signals impressed on the magnetic tape 
in combination with the feedback signals from the ma 
chine elements control the excitation of the amplidyne 
generators and, in turn, the speeds of the various drive 
motors to cause the milling cutter to track the required 
path. 

A synchro is geared to each feed and provides an a 
curate indication of the feed position at all times. In 
this particular application, the synchro is used in some 


big. 5 Block diagram of tape-control system. Only two of 
the 14 available tape channels are shown here, one being 
allocated to the reference signal and the second to movement 
along one of the machine axes. 
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what the same manner as in the example depicted in Fig. 
tA. In this sketch, two synchros are employed, one des- 
ignated as No. 1 or input and the second as No. 2 or 
follow-up. The phase of the output voltage from each 
synchro is representative of its own angular position. 
These output voltages are compared by the control equip- 
ment. If there is any difference in phase, the control 
causes the feed motor to operate and rotate synchro No. 
2 until it is in angular correspondence or synchronized 
with synchro No. 1. Thus. if the crank in Fig. 4A were 
turned forward and backward, stopped and restarted, the 
motor would cause the follow-up synchro to go through 
exactly the same motions. Since the machine table is 
veared to the same motor, it would move correspondingly. 

In this simple servo system, all that the input synchro 
does is provide a voltage signal whose phase is propor- 
tional to its angular position. This input synchro may 
therefore be replaced, as is done in Fig. 4B, with a 
magnetic tape and amplifier. The amplifier then pro 
duces from signals recorded on the tape, the same type 
of phase-shifted voltage signal normally produced by the 
input synchro. Therefore, the same control equipment 
will cause the follow-up synchro, and consequently the 
machine feed, to remain synchronized with the informa 
tion recorded on the tape. 

Magnetic Tape Characteristics. A piece of tape. 
15 in. in length, represents | sec of machining time under 
tape control. There are 14 separate channels, or tracks. 
spaced across the | in. width of the tape. The channels 
have been arbitrarily numbered from 1 to 14, 

Channel 8, which is approximately centered on the 
tape, is the reference channel which carries a 200-cycle 


reference signal that remains constant. The signal on 


Synchro 
SCT 


Machine 
er titel 


yi0) 0+) aoe (Cayo 1 Te) 
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channel 8 is used to control the excitation that is applied 
to the synchros. 

Synchros are mounted on the machine to measure the 
movements of the various machine elements. Precision 
vearing is used to accurately translate the movements of 
the machine elements into rotation at the synchro shaft. 
A movement of only 0.1 in. is sufficient to produce a full 
revolution at the synchro 

Powering the stator side of the synchro is the 200 
cycle excitation provided by tape channel 8, as mentioned 
above. Inside the synchro frame a magnetic field is 
produced which rotates around the periphery of the rotor 
at a speed of 200 revolutions per see. In effect, there is 
one revolution of the magnetic field for each cycle of 
signal from tape channel 8. 

There will be induced in the rotor coil by the rotating 
magnetic field a voltage having a frequency of 200 eps 
plus or minus the frequency of mechanical rotation of 
the rotor. 

To examine a practical case, assume that the skin 
mill table were to move forward 6 in, in 1 min, stop for 
10 see, and then move in the reverse direction a distance 
of 6 in. in | min. Because the synchro is geared to the 
table at O.1 in. per revolution, and because the feed 
rate works out to be O.1 in per see, the synchro rotor 
would rotate at a speed of | revolution per sec. The 
signal produced by the synchro rotor coil would, there 
fore. drop down to 199 eps for the first minute, return 
to 200 eps for the LO-sec standstill period, and would 
increase to 201 cps for the final minute. 

The only quantity that must be recorded on the may 
netic tape to produce the motion just described is a 
signal duplicating the signal from the synchro. ‘Tape 
channel 4, therefore. would be recorded with the follow 
ing signal: 199 eps for the first minute. changing to 200 
eps for the 10-sec standstill period, and finishing with 
201 eps for the final minute, On playback, the tape eon 
trol system automatically moves the skin-miller table in 
the proper direction and at the proper feed rate such that 
the signal from the synehro measuring the table motion 
continuously matches the signal from the tape. The table 
would, therefore. move forward 6 in. in the first minute, 
pause for 10 sec, and then return 6 in. in the following 
minute 

If the same signal had been recorded on channel 10 
as well as on channel 4, the right head would have moved 
across the rail simultaneously with the table motion 
The head would have traveled 6 in. to the right, paused 
for 10 see, and then returned the 6 in. to the left. 

The explanation so far may not have made it clear 
why the data recorded on the tape was able to produce 
exactly 6 in. of motion during the first minute, and exactly 
6 in. of reverse motion during the final minute. It may 
he well, therefore, to consider the situation from a slightly 


different standpoint. During the first minute of tape opera 


tion, the total number of cycles on the reference channel 
was 200x60, or 12,000 cycles total. During the same 
period, there were only 199x20, or 11,940 cycles total, 
on channel 4. The table-feed synchro signal must some 
how lose 60 complete cycles in order to correctly match 
the signal from channel 4. The only way the synchro ean 
subtract 60 complete cycles from an excitation wave train 
containing 12.000 cycles is for the synchro rotor to turn 
through 60 complete revolutions. Since each revolution 


is made equal to 0.1 in. by means of the precision gear 
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hig 6 (helow Open view ol 


paupertlape preparation unit 


showing electric lypewriter, Lape 


perlorating mechanism, key 


board and electronic control 


the OO revolutions must produce a movement of © 


lhe even-numbered Liapoe channels are associated with 
the machine feed motions in the manner just described, 
Phe skin mill has five separate motions that can be con 
trolled from the tape. Table T shows the track allocation 
for the skin mill 

The seven odd-numbered channels are used to a 
complish a different class of functions. These functions 


might be called the on-off functions. To operate one of 


these functions, a signal of either 200 cps or LOOO cps 


is recorded on the appropriate tape channel. For ex 
ample, when a 4000-cps signal appears on channel 3. the 
left head on the skin miller plunges its cutter into the 
work piec On the other hand, when a Z00-cps signal 
appears on channel 3. the cutter is withdrawn. On chan 
nel |. the appearance of a 2O00Q-cps signal automatically 
starts coolant flowing to the cutting tool, When a 4000 
eps signal appears on channel Ll, the crossfeed drive is 
transferred from the right head to the left head. When 
the J000-eps signal disappears. the crossfeed drive auto 
matically reverts back to the right head 

Some of the other functions play a shehthy different 
role, For example: a 200-cps signal appearing on chan 
nel 9 automatically stops both the tape and the machine 
Phis function is called playback stop. A’ playback stop 
would be recorded in’ the tape program immediately 
prior to the time that the machine must be shut down 
for a tooling change. The machine is, therefore. protected 
from going into a new cut with the wrong cutter 

Probably the most interesting function is one called 


planned stop Planned stops may be recorded at) any 


hig. 7 Director or com- 
puter is housed in’ this 
cabinet. Tape reader is 
at right just below graph- 
ie control panel, Output 
of director is fed directly 
10 4 magnetic-lape  re- 


corder (not shown) 


suitable spot in the tape program. The machine runs 
right on through these planned stops, however, unless the 
operator decides to stop the machine at one of them. 
Upon pressing the planned stop button, the machine does 
not stop, but rather continues to follow the instructions 
on the magnetic tape. However, as soon as a 200-cps 
signal appears on channel 5, both the machine and the 
tape stop automatically. Normally, these signals would 
appear only when the cutters are free of the work. The 
planned stop function is also effective during high-speed 
rewind of the magnetic tape. If the operator wishes to 
vo back to a certain spot on the magnetic tape at which 
a planned stop is located, he merely presses the planned 
stop button when his tape footage counter tells him that 
he is nearing the mark. When the planned stop signal 
flashes by on channel 5, the tape transport stops. The 
tape overtravels for quite a distance beyond the desired 
spot before stopping, but it is then automatically reversed 
at a slow speed until the planned stop signal again ap 
pears. This time the tape stops within a few inches of 
the desired point 

Note that the frequency column of the Table IT in 
dicates varying frequeney on those tracks controlling tool 
movement. On the other hand. the functioning of such 
auxiliaries as the coolant pump and _ the table clamp is 
on-off, Henee, these require only the presence or absence 
ol a tape signal to govern their operation, The two basiv 
frequencies of 200) and 4000 cps can be recorded 
simultaneously on any of the odd-numbered tracks so 
that two functions may be controlled from one track 
High-pass and low-pass filters separate these frequencies 
in the electronic playback circuits 
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Basic Circuit. big. 5 is a block diagram of the phase 
shift servo system extending from magnetic tape to feed 
motor. Only two channels are shown, one being allocated 
to the reference signal and the second to movement along 
one of the machine axes. The reference signal is con- 
tained on the tape as a square wave of magnetic flux 
poles. As 
the tapes moves past the pickup head, the flux generates 
alternating voltage pips or pulses. The pulse output is 
amplified and fed into an electronic flip-flop, which pro 
duces a 200-cycle square wave. 


or a succession of north and south magnetic 


The synchro exciter, consisting of a two-phase oscil- 


lator working into a Scott T-connected output trans. 


former, transforms the square wave into a three phase. 
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Fig. 8 


process of 


Block diagram of the 
converting | parts- 
drawing information into sig- 
nals recorded on magnetic tape. 
Note that the auxiliary function 
commands, which are simply on 
off, 200 or 4000 eps, bypass the 
logical circuitry. 


200-cps sinusoidal voltage. 


This is the form of the refer- 
Mra ia ence signal as it is impressed 
on the three-phase stator of 


a ital tela) 
Commands 


the synchro. 

The motion signal on the 
other channel is’ similarly 
read, amplified and con 
verted into a square wave. 
Then, it is fed as one of the 
inputs into the phase dis- 
criminator, The second input 
to the diseriminator is’ the 
synchro rotor voltage. The 
phases of the two voltages 
are compared in the eireuits 
of the discriminator, which 
produces a d-c voltage whose 
magnitude is proportional to 
the phase difference or errol 
between the voltages. Fur- 
thermore, the d-c voltage is 
positive or negative depend 
ing on whether or not the 
synehro signal leads o1 laps 

A the command signal. 
Crm rats The error signal is used as 
_ Channels the 
amplidyne generator, Since 


field excitation for the 








the output of the amplidyne 
is a function of this excita 
tion, there is now available 
in the circuit) proportional 
d-c power of suflicient capac 
ity to drive the feed motor. 
The speed and direction of 
rotation of this motor is de 
termined by the amplidyne 
output. In this way, the machine motion is made to 
follow the Lape commands, 

One distinguishing feature of this servo control is 
that it employs synchros to vary phase angle at constant 
voltage amplitude. Conventional synchro systems vary 
amplitude and maintain a constant phase relationship, 
except that this relationship is either in-phase or 180 deg 
out-of-phase to indicate an output that is positive or 
negative, One important advantage of the phase-sensitive 


extremely important when the signals are recorded on 


system is that it is independent of amplitude. 


magnetic tape, which has inherently poor amplitude 


characteristics 


Machine feed axes are driven by d-c motors connected 
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through ball bearing nut and screw mechanisms. Synchro 
feedback is accomplished by parallel-mounted precision 
rack and pinion gearing which accurately translates 
feed movement into rotation of the synchro’s rotor shaft. 
Both drive and feedback are designed for minimum back 

lash and friction-free operation to assure maximum ac 

curacy in positioning the tool head and improving finish 
of machined parts 

Tape Preparation. | 6 prepare a master paper tape, 
the operator merely enters previously calculated decimal 
increments of desired machine motions and time inter 
vals on the keyboard of the paper tape unit, Fig. 6. No 
conversion into binary code form is necessary as the unit 
accepts ordinary decimal information. Special commands 
are entered on the tape in the same fashion. Checking 
circuits in the unit operate automatically to determine 
command errors such as excessive feed rates or time 
intervals, missing plus or minus signs, wrong number 
of digits in any command and improper least significant 
digit. Other supervisory circuits examine all data fed 
into the unit, perforating additional holes in the paper 
tape for logical control of the system’s electronic director 
unit 

The director, Fig. 7, processes the decimal digital in 
formation, contained on the paper tape, into the phase 
modulated continuous electrical signals for recording on 
magnetic tape. In operation, the director reads the 
punched paper tape, line for line, storing information 
thus serially presented in special magnetic-core memory 
units until released for processing in the director's com- 
puting cireuits. The results of the processing are 
simultaneously recorded on magnetic tape. 

Visual indicators on the director's control panel provide 
one fine and five coarse data repeaters, which alge 
braically add distance commands for each machine axis 
during a program. The fine indicator can be connected 
into each of the coarse circuits by pushbutton, permitting 
the director’s operator to check positions of all tool cen- 
ters at any time, just as though he were controlling the 
machine directly 
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Number Processing. |i has been shown how a 
machine element can be made to move a distance that is 
proportional to the difference between the number of 
pulses recorded on one channel of a magnetic tape and 
those on a reference channel. To be explained now is the 
method for converting the information on a parts draw- 
ing into the proper number of motion-control pulses that 
will enable production of that part. This conversion is 
done in the director (computer) equipment. 

A block diagram of the process is given in Fig. 8. 

It begins with the person examining the parts drawing. 
The drawing is studied in sections with separate groups 
of data being entered into the director system for each 
section. LKach group of data represents a cut or a part 
of a cut to be made by the skin mill. To consider an 
example, assume that in visualizing the relative table and 
head movement needed to produce a given cut, the opera 
tor decides that the table is to move a distance of 
}+-010.0000 in.; the right hand head is to shift a distance 
005.0000 in.: and the tool is to be raised by +-000.5000 
in. He enters this information directly on a chart such 
as that in Table II. 

Next, the operator determines (on the basis of the 
known feed speeds and metal removal rates that the 
cutter can handle) that this particular cut can be made 
in 20 sec. This time factor is also entered in the table. 
Continuing his study, the operator would proceed through 
all increments of the parts drawing, entering in the table 
the necessary time and motion data for each cut. 

The decimal information is next transferred into the 
paper-tape preparation desk. The typewriter is a standard 
commercial design widely used for teletype and auto- 
matic typewriter applications. The desk consists of an 
electric typewriter; a tape-perforating mechanism; a 
small keyboard and electronic tube and relay circuitry 
that cheeks the accuracy of all data fed into the tape 
preparation unit. 

The information shown in Table II is entered into the 
Flexowriter (via the small keyboard) one digit at a time. 


Each decimal digit is transcribed onto a paper tape. Fig. 
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9, as a line of holes. The arrangement of these holes is 
determined by a code, with a different pattern assigned 
to each digit. When all digits have been entered, the 
paper tape is transferred to the director. 

The 6-hole code is standard in the Flexowriter type 
writer which was selected for this application because 
of its availability and proven performance. However, the 
code is not particularly suitable for use in the computer 
circuits. Hence, immediately after being read by the 
paper-tape reader in the director, which converts hole 
information into electrical pulse information, the num 
bers are recoded into a 5-2-1-1 code. The latter is the 
language of the director and the recoding is done by 
means of a crystal-diode matrix, Fig. 10. 

After recoding, the numbers are stored in a magnetic- 
core storage. One of the purposes of this storage is to 
transform the numerical data from sequential into parallel 
form. Although the digits were entered on the paper 
tape one at a time (sequentially), all digits must be 
available simultaneously (in parallel) for use in sue- 
ceeding sections of the director. The storage consists 
of an array of magnetic cores, four cores assigned to 
each digit. The four cores represent the digits 5, 2. 1, 1 
in keeping with the chosen director code. The cores are 
saturated or not in accordance with the code as given 
in Table IIT. Thus, any digit from 0 to 9 can be stored 
in the magnetic-core memory as some pattern of saturated 
and unsaturated cores. 

In the next operation, all stored information is 
“dumped” into the decoding and clock sections. The 
clock is a type of oscillator which produces a burst of 
high-frequency pulses. The duration of this burst is deter- 
mined by the time factor received from the magneti 
core storage. Using the previous example, the burst will 
continue for 20 sec, Other possible times that could be 
selected by the operator are: 0.5. 1, 2. 5, 10, 50, 100 
and 200 sec. 

Each pulse is equivalent to an elementary unit of dis 
tance. It now becomes necessary to select for each ma 
chine axis the number of pulses that will produce the 
required movement. This is done in the decoder where 
the pulses from the clock are modulated by the numerical 
data from the magnetic-core memory. In our example: 
a certain number of pulses will be assigned to produce 
10 in. of table movement; half that number will be as 
signed to produce 5 in. of movement; and ',,, of that 
number will be assigned to produce 1% in. of head 
rise and fall movement. The assignment of these pulses 
takes place over the 20-see burst period These pulses 
are then converted by the decoders into appropriate phase 
shifted square-wave signals based on the 200 ¢ ps reference 
frequency. 

The square waves are used to magnetize the machine 
aXis and reference ec channels of the Lape. Referring avain 
to Fig. 8, it can be noted that the auxiliary function com 
mands bypass a considerable portion of the director cir 
cuits. Since these commands are 


comparatively simple 


(on or off. 200 or 4000 eps) they can be recorded 


directly from commands read from the paper tape 
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Sample of punched tape ready for input to director 
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Effects of Processing 
on Magnetic Alloys 


Physical and magnetic properties of magnetic alloys are determined 


by close control of variables during all processing 


steps. Pilot plant development allows rapid conversion of test 


tube products lo feasible commercial materials, 


Fig. 1—Effeets of carbon and 
oxygen content on the minimum 
reluctivity (tm) and hysteresis 
loss (Ws) of iron. From “Fer- 
romagnetic Properties of Metals 


and Alloys,” by K. Hoselitz 


XPERIENCE OVER THE YEARS in transforming laboratory 
developments in magnetic alloys into commercially use- 
ful applications has thoroughly demonstrated the neces- 
sity for metals processing equipment on a pilot plant 
scale. Development programs can be kept much more 
dynamic and profitable if the usual lag between inven- 
tion and application is minimized. Between the manufac- 
ture of “teaspoon” quantities of laboratory samples and 
the consistent manufacture of tons of material, many 
problems are encountered. If full seale commercial manu- 
facture is attempted prematurely, the results can be costly 
and disappointing. Thus, the need for pilot plant de 
velopment. 

\ pilot plant can gradually scale up the quantities of 
magnetic material produced, and at the same time effect 
economies in processing. When a semi-production scale 
has been reached, statistical data on processing and costs 
can be transferred to the supplier's plant. This eliminates 
waste of large quantities of material, speeds up the intro- 
duction of new alloys and reduces the risk taken by 
the supplier. 

Magnetic properties can be affected by variations in 
any step of manufacture and the electrical properties of a 
single alloy composition can be changed drastically by 
altering one or more of the processing steps. The 50-50 
nickel iron alloy illustrates the wide variations obtain- 
able. This alloy can be oriented to give an exceedingly 
square hysteresis loop: it can also be proc essed to have 
a very low coercive force and high maximum perme- 
ability; or else it can be made to produce a constant 
permeability at very low inductions where hysteresis is 
virtually non-existent. 

On the other hand, slight variations in the chemical 
composition of alloys can result in variations in magnetic 
properties, even though these alloys have the same purity 
and are processed alike. Silicon iron alloys show sig- 
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big. 2--Longitudinal cross-section of nickel 
iron = ingots Ingot- | and 2 have 
been vacuum melted; 3rd ingot air melted. 


nificant differences in core loss and permeability wit! quantities of carbon 


ind oxygen have on the magnetic 
only a few tenths of a per cent change in silicon content 


Chemical Purity. Control of chemical purity is one 


of the most important single factors in establishing the 


properties of iron. ¢ arbon content can be minimized in 
melting yy using purified raw materials and can be further 
reduced by subseque nt heat treatment. Some alloys, espe 


properties of magnetic alloys. The gross chemical com cially those having a high nickel content, are susceptible 


position determines resistivity, saturation magnetization to gas absorption and if not properly degassed cannot be 


imagnetostriction at saturation and Curie temperature east into sound ingots. Sulfur impurities in high nickel 


alloys ean also affeet workability and a small addition of 


Properties such as coercive fore permeability and 
hysteresis loss are very strongly affected by minor im Mnanganese ts 


commonly used to neutralize the adverse 
purities. These same impurities may affect resistivity, but effects of this 
do not basically alter the other structural insensitive hot rolling 
properties. Impurities can also adversely affect such Selection of the proper furnace lining depends on the 
physical characteristics as forgeability, machinability and particular alloy bei melted, the chemical nature of 
tensile properties. It is of vital importance, therefore, the molten bath and the melting temperature. lLrrosive 
that close control be maintained during the melting stage tion of the molten etal « 


element and to improve forgeability and 


characteristics 


in strongly influence the life 
Raw materials, particularly scrap, must be carefull of the 


linin vell as the impurities picked up by the 
elected higure | illustrates the adverse effects 


il rom rit mitaminates left from a previous 
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Macro grain structure of vacuum. and airemelted nickel iron alloy sftes 0 gy and annealing 





melt can spoil both physical and magnetic properties. 
Temperatures during melting and teeming must be con- 
trolled to minimize alloy segregation and to promote 
ingot soundness. Although proper forging techniques 
ean overcome some miero segregation, ross, or macro 
segregation, must be prevented during casting. An ingot 
poured at too low a temperature will have a defective 


surface with many laps and folds. If the ingot is poured 


at too high a temperature, excessive segregation may 


Inclusions in the form of oxides picked up from the 
furnace lining or those formed by the reactions of deoxi 
dizers have a potent effect on the workability of magnetic 
alloys. If these inclusions have a lower melting point 
than the alloy itself they may be carried out with the 
metal during pouring. High melting inclusions, however, 
float to the top where they can be skimmed off. Inclusion 
content can be minimized by special melting or casting 
techniques such as the use of a reactive slag during air 
melting, temperature control during oxidation, or the 
use of vacuum melting coupled with special reducing ot 
inert atmospheres. The sharp diflerence in ingot structure 
of the same alloy melted in air and in a vacuum is shown 
in Fig. 2. 

Inclusions trapped during solidification may not be 
in equilibrium with the metal. Subsequent heat treat 
ment, such as soaking prior to forging or rolling, may 
alter the inclusion composition. If equilibrium has been 
reached, then no change will occur in heat treatment. 
Inclusions dispersed within grains will hinder domain 
mobility, which in turn, inereases coercive force and 
lowers permeability. Inclusions located at grain bound 


aries will cause localized strains and 


impede eran 
growth The effects of processing and annealing on the 
air-melted and vacuum-melted alloys are shown in big. 3 
The vacuum melted alloy exhibits large Uraits, whereas 


the air-melted alloy remains small-grained even at high 


annealing temperatures. Such differences in structure 


greatly influence magnetic properties. 

Forging. The yield of magnetic alloys can be greatly 
increased by proper forging practices since the quality 
of a forged slab has a critical effect on the ease with 
which a material can be subsequently hot rolled. During 
forging, the large cast grain structure is broken down 
and the ingot “homogenized.” Although forging is a 
difheult process to control, precautions can be taken to 
minimize variation. Ingot surface imperfections, fre 
quently the cause of ruptures, can be eliminated by 
grinding. Contamination can be prevented by adjusting 
the atmosphere of the soaking furnace. Grain boundary 
inclusions may be controlled by the temperature and 
time of soak. Proper temperature control can also be 
used to regulate grain size and recrystallization. 

Some alloys can be worked easily once the ingot 
structure is broken down. Alloys of this type may be 
more readily extruded than forged. Extrusion contains 
the metal during working and once the ingot structure 
is broken down, the alloy can then be forged by the 
usual techniques. 

Hot Rolling. Some magnetic alloys, such as the high 
silicon and cobalt irons, are difficult to cold roll and 
are usually used in hot rolled form. The silicon irons 
are characteristically britthe and cannot be cold rolled 
by the usual methods. Cobalt iron, if cooled slowly to 
room temperature, also becomes too brittle to cold roll. 
Hot rolled materials must have flat clean surfaces with 
a minimum of surfaces oxides if good stacking factor is 
to be obtained. Hot rolling at too high a temperature 
can cause oxidation to occur at grain boundaries. de 
stroying ductility and magnetic properties. Temperature 
control during hot rolling will produce uniform grains 
of the proper size. 

Materials that are to be subsequently cold rolled must 
he carefully hot rolled if uniformity and good surfaces 
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are desired. Cobalt iron can be made ductile enough for 
cold rolling if it is quenched from hot rolling tempera 
tures: Cold rolling is usually performed at room temper 
atures: however, it can be done at elevated temperatures 
so long as recrystallization does not occur. High silicon 
irons and aluminum irons can be worked in this fashion. 


The material becomes ductile at elevated temperatures, 


yet oxidation does not occur as rapidly as it does at hot 
rolling temperatures. Variations in hot rolling practices 
such as these permit the rolling of alloys difficult to 
fabricate by more usual techniques. 

Cold Rolling. In addition to producing good surfaces 
and close gage tolerances, very desirable crystalline 
orientation can be obtained by cold rolling. Nickel iron 
alloys are severely cold worked to obtain a high degree 
of erystal orientation after annealing. Both the percen 
tage of reduction and the temperature of anneal affect 
the amount of orientation in the final grain structure, 
Fig. 4. Heavily reduced 50-50 nickel iron alloys when 
cold worked 50 per cent after annealing produce an alloy 
with a fairly constant permeability over a large flux 
range. Multiple cold reductions of definite amounts and 
intermediate anneals are used to produce the high degree 
of crystalline orientation found in such materials as 
Hipersil. Some applications may require a random ori 
entation, in which case cold rolling reductions must be 
closely controlled to prevent grain orientation. 

Because of the importance of crystalline orientation 
it is desirable to know the extent to which a material 
can be cold reduced. Some alloys harden physically with 
relatively small reductions and this imposes natural limits 
to the degree of orientation obtainable. These alloys 
must be reduced in steps, with intermediate anneals. 

Annealing. Annealing is usually the last step in the 
production of magnetic materials and can mean the 
difference between success and failure in obtaining final 
magnetic properties. The rate of temperature rise re- 
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quires particular attention in obtaining preferred orien- 
tations. The temperature of soak is responsible for the 
rate of grain growth, and the time at that temperature 
determines the ultimate grain size. Cooling rate must 
he closely controlled to achieve the degree of order o1 
disorder desired in alloys such as the Permalloys where 
magnetic properties are closely related to ordered and 
disordered states. 

Atmospheres used during annealing may be of several 
types. Inert atmospheres have no effect on alloy purity. 
Atmospheres containing water vapor may be used to 
remove carbon; a dry hydrogen atmosphere reducing 
agent may be used to remove oxygen. Temperatures 
during annealing change the rates of purification, and 
the time at temperature determines the ultimate degree 
of purification. The effect of temperature on the max- 
imum permeability of iron during a hydrogen anneal is 
shown in Fig. 5. Precautions must be taken to prevent 
material contamination by the atmosphere. 

If a 50-50 nickel iron alloy is given a long high tem 
perature anneal in a reducing atmosphere, a large grain 
structure is developed. This structure possesses a low 
coercive force and high maximum permeability. The 
oriented counterpart of this alloy is annealed to retain 
a small initial grain structure which is highly oriented 
Over-annealing causes abnormal grain growth and de 
stroys the desired orientation. The broad differences in 
properties obtainable through annealing and processing 
are graphically illustrated by the comparative d-c mag 
netization curves of the oriented and random alloys of 
0-50 nickel iron, Fig. 6 

Limitations are necessarily imposed in any of these 
processes, Some problems ire additive and result in the 
destruction, or even iunprovement or magnetic proper 
ties others are compensating in nature and tend to 
eliminate one another. Consideration must be given to 
all factors if truly high quality metal is expected 





lsocyanate-Resin-Coated 
Glass Cloth Insulation 


HERBERT G. STEFFENS 
Development Laboratory 
NATVAR CORPORATION 
Woodbridge, New Jersey 


Vewly developed material is seen filling need for applications in 


equipment operating between Class B and Class H temperature ratings. 


TSOCYANATE WEKE DEVELOPED IN GE 
MANY a8 a result of interest stimulated 
by their behavior as crosslinking agent 
for the polyamide or nylon-type resin 
Doda isocyanate ly pe polymers ire 
oming to the forefront both in hurope 
ind this country in a number of diver 


ihed freld 
One of the promising results of a 
broad research program on high poly 
mers for electrical insulation coating 
carried on over a period of ye: 


ir Corporation with 


from several other industrial 


demic laboratories, is an isocyanate 
resin-coated glass cloth now ready for 
commercial distribution under the trade 
name “lsoglas.’+ This material shows 
propertie indi ating continuous pel 
lormance at temperatures in the neigh 
borhood of 150° ¢ and superior re 
sistance to crazing a compared with 


other coated gla materials, especially 


General Characteristics 


Nominal performance levels for va 


thicknesses of the Isoglas material 


Table 1—General Properties of Ilsocyanate-Resin-Coated 
Glass Fabrics” 


Nominal thickness, mile 
Base-glass style 
Dielectric strength ( 23 C ,-in, electrode, vom 
C-96/23 0 
C-96 (23 96 
After immersion 15 min in transformer oil 100 ¢ 
C-48 23 60 and bent over in mandrel 
E-168 170 and bent over 
Per cent retention (based on kv 
Power factor ( 80 C, 60 cps, per cent C-96 73 0 
Breaking strength, piw, warp 


in, mandrel 


Note: These data are typical of production but do not define manufacturing tolerar 


*Source: Natvar Corporation. Material is Natvar's “lsoglas 


Patent Office 


10 
125 


1410 
702 
1428 
1251 
1016 
78 
14.3 
194 


(es 


Trademark: Registration application filed with U.S 


Table tl—Initial Properties of Ilsocyanate-Coated and Conventional 
Varnished Glass Fabrics® 


Property 


Average thickness, mils 
Thread count 
Dielectric strength 

electrode, vom 

C-48 (23 50 

After immersion 15 min in trans 

former olf ( 100 C 1849 
Power factor (4 80 C, 60 ops 

C-48 /23 60 3.43 
Breaking strength, warp, piw WW 
Film hardness, grams 100 


* Data from Natvar Corporation 
» Measured with Hoffman Scratch Hardness Tester 
* Natvar's “lsoglas 


Manufacturer A 


Varnished Glass Fabric 


Manufacturer B 


Isocyanate 
coated 


glass fabrics 
Yellow (ill Black (IV 


are given in lable 1. These values are 
typical of production but not indica 
tive of manufacturing tolerances. All 
tests were conducted in accordance with 
the Tentative Methods of Testing Vai 
nished Glass Fabrics and Varnished 
Glass Tapes Used for Electrical Insu 
ASTM Designation 1902-527. 


Figure | 


lation, 
shows typical data on di 
electric strength at various tempera- 
shows the effects of 


elevated temperatures of 150 C and 


tures higure 


170 © on 7-mil cloth as measured by 
the percentage retention of breakdown 
voltage of bent aged specimens based 
on breakdown voltage of bent unaged 
pecimens. The latter temperature value, 
while less realistic for continuous duty, 
illustrates the substantial endurance to 
very high temperature exhibited by 
these materials 

This isocvanate-resin-coated gla 


cloth cannot properly be described by 


present standards for 


performance 
coated glass since it far exceeds the 
Class B 


varnished glass 


limits defined by oleoresinou 
insulation, yet falls 
hort of the minimum requirements for 
Class H as defined by silicone-resin 
glass. Its 


tv were recorded in a series of com 


particular points of superior 


parative tests made with several con 
entional varnished glass « loths obtained 
from leading commercial sources whose 
initial properties are shown in Table Il 
The results of these tests, which em 
phasize principally the electrical prop 
erties after extended heat aging, indi 
cate superior resistance to elevated 
temperatures at all temperature levels 
studied. Figure 3, for example, shows 
the effects of heat aging on flexibility 
is determined by the ratio of bent 
breakdown voltage to unbent breakdown 
voltage for specimens exposed at va 
rious temperatures, and illustrates the 
resistance to embrittlement by heat that 
characterizes the isocyanate-coated ma 
terial. It is interesting to note that 
specimens of this material aged for 
more than 700 hr at 170 C show a 
distinctive “rubberiness” even after de 
terioration has progressed to a point 
where the film no longer withstands a 


sharp bend or crease 











big 2—Per cent retention of dielectric breakdown 
big 1 Dielectris strength of isocyanate-resin-coated values for isocyanate-resin-coated gla aged at 150 ¢ 


ind 170 ¢ ASTM 1902-52] 


glass at various temperatures 


Adhesion Characteristics 


between warp and filler threads, when 


etric measurement were made at 234 
( sefulness of varnished and silicon the cable is bent The effect of thi ( 


> 


in the relaxed condition. Comparative 
resin glass fabric has been limited due weave-shift in cables employing gla 


ests were conducted on the materials 
in part to the relatively low level of fabric insulation is 


to produce discon of Table Il and on 
adhesion between glass fiber and the tinuity between the re 


/-mil silicone-resin 
in and the gla lass cloth made from 112 base fabri 
characteristi Results of these test 
of coated glass fabric s big 1. 


ondary valence forces acting between for cable insulation, a study of the iso Ihe 


resin. Continuity of the insulation de fiber surface. Since this 


are hown in 
pends to a- considerable degree on sec has limited use 


uperior adhesion characteristi« 


the smooth glass fibers and the resin cynate-coated fabric was made to a of the 


since there is little or no opportunity certain if its uperior adhesion 


for mechanical anc horage of the coating erties might prove its 


as in the case of cotton fibers. The this application 


isocyanate-coated fabri ut 


proy ts wider applic ation to various bia 


usefulne eave coated glass insulations Natval 


wrporation has already initiated semi 
isocvanate-resin coated fabri however specimens ot tape l in w ice production on isocvanate-resin 


P 
(“lsobestos | lees yy 
i ing 


has shown superior adhe sion ch iracter cut on a 45-de y bias trom traight wea 


istics These are probably due to the coated glass fabric conditioned for 4 
physico-chemical or structural form of hr at 23 C and 50 per cent RH. Speci 
the resin molecule 


1 laminated lot insulation all 


omtin to i complete line iitable for 


mens were randomized ions nen ontinuou dut in the neighborhood 
It is known that a. straight-weave elves with respect to position and 
tape spirally wound on a cable will rious degrees of stretcl 


int parted 
exhibit weave-shift, or a change in 


ingle mediatel atte which hort-Time 


Fig. 4—Dielectric breakdown retention at various degrees 
of elongation for isocyanate-resin glass cloth compared 
with conventional varnished fabrics and silicone-resin 


Fig. 3 Flexibility characteristics of isoeyanate-resin glass cloth 


coated glass and conventional varnished glass fabrics 
after aging at various temperatures. (I and III are 


yellow fabrics; If and IV are black.) 
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Colorimeter Utilizes Printed Circuit 


RICHARD W. ROMER, Electrical Engineer of a cam and arm arrangement, with the eflects from the second triode Ihe 


Bauscn & Lome Ovi foMms wavelength scale being fastened to the implifier and rectifier are mounted on 
Rochester, New York 


inne haft as the cam. The monochro a printed wiring card shown in big , 


matic light that passes through the Fig. 3 illustrates the interior with the 


IMPLICITY OF DESK plu moder exit lit poe on through the imple cover removed showing the arrangement 


tvlin ind good engineering all add to be measured and falls upon a photo of the electrical components and the 
ip to the new Speetrenic 20 Colori tube Phe ignal is amplified, and printed circuit which plugs into a 


neler ino instrament useful for both indicated on a microammeter. Whenever standard 15-contact connector The 


pectrophotometri ind colorimetric thie imple is removed from the in light source and phototube are ac 


determination ol olution Thie pes trument in occluder falls into the cessible through the bottom of the 
tronw 200 (bi itilize i new light beam so that the amplifier control instrument making removal of the cover 
principle in colorimeter design. Former may be adjusted with no further manip unnecessary when replacements are re 
instruments of this type used the ulation. A light control is provided for quired 

principle of a filter to define the color etting the meter to full scale deflection The meter is a d-c microammeter 
i barrier-layer cell to) generate an with a blank (usually a test tube of requiring 250 microamperes for full 
electric current proportional to the water or other liquid) in the sample scale deflection and is calibrated in 


light intensity, and a galvanometer to compartment percent transmittance and optical 


measure the current The electrical circuit has a voltage density 

In the Speetronic 20. white light regulating transformer which supplies The Spectronic 20 Colorimeter may 
emanating from a low voltage exciter power for both the lamp and the ilso be used as a spectrophotometer 
lamp ois focused on an entrance slit amplifier, The amplifier, which gives The method of operation is essentially 
ifter which it is reflected and dispersed i stable gain of approximately 10,000 the same except that the wavelength is 
by a diffraction gratin ind refocused tirnee is of the Wheatstone bridge ly pe reset for each reading and conseque ntly 
on an-exit slit. To obtain various wave whereby non-linearities and drift from the light control is also readjusted. The 


lenyths. the gratin rotated ty ' one triode are compensated = by equal umplifier control is adjusted with no 


bij (Colorimeter com Fig. 2 Printed wiring 
brine itlractive ippearance ecard on which amplifier 


with new operating principle ind rectifier are mounted 





light striking the phototube and, there 

fore, is independent of the wavelength 
For 650 
millimicrons (the red part of the wave 
length filter 
ind Type 1P40 phototube are used 


setting. determinations above 


scale) an accessory red 
the 
the 
sensitivity of the particular phototubes 
The 1P40 red filter 
used reliably at as low a wavelength as 
still full deflection 
(about 600 millimicrons) and likewise, 
the 558] the red filter 
be used as 700°) millimicrons 


[here is some overlapping of 


wavelength ranges, depending on 


with the may be 


will give scale 


tube with may 
high as 
with some particularly sensitive tubes 

Because of the high sensitivity of the 
instrument and the importance of being 
ible to repeat readings, it was neces 
sary to spray a protective lacquer over 
the printed circuit to prevent leakage 
Stability is 


improved by utilizing the voltage regu 


between conductors. also 


lating type of transformer which will 


compensate for line voltage fluctuations 


Where these variations become so great 


difficulty 


ige regulator is 


is to Cause an auxiliary volt 


available for use out 
than 


LOO to 


side the colorimeter giving less 
deflection 


130-volt line variation 


percent needle lor a 


Operation ts also possible Irom a 


using a vibrator con 
the 


storage battery by 
verter to only 
the exciter 


from the 


energize amplifier 


while lamp is operated 


directly battery. This again i 


rbititiin 


hig }—Interior of color- 
Phototube and lamp 


bottom, 


meter 


ire replaced from 


lone to achieve table operation of the 


colorimetet 


Phe rigid alu 


all 


hed in ivory 


Spectronit 20 has a 
cue cast 


and cover 


base supporting 
Fini 


knobs and trim, 
style to 


component 


white with gray green 


not only lends 
but 


fe ld ol ih 


the instrument 


inv laboratory denote modern 


thre 


| 
thinking in 


trument 


) 


Tape-Wound Magnet Makes Electric Brake Rugged 


IN REDESIGNING 
br ike 4 


Division, 


rHEIR electric 
engineers of Star-Kimble Motor 
Miehle Printing Press and 
Co., Bloomfield, N. J. 
went to a unique form of magnet struc 
the 


employed in 


LINE OF 


Manufacturing 


ture. Basically similar to tape 


wound cores currently 
magnets amplifie rs, the magnet is made 
by winding a continuous strip ol elec 
trical steel into a= tight 
roll This 
welded to the 


to form an 


open-« enter 
structure is then 
back plate of the brake 


Sux 


laminated 


extremely rigid unit 


coils mounted in slots in the wound 


the 


Lape 


core assembly 


complete magnet 

which can be 
This “solid 

groups of bl 


the mi 


seen in Fig. | 


design replaces the 
mount 


brakes 


used to 


cores 


ignet coils in the 


Fig. | 
brake 


wound structure welded to back plate 


Cutaway view of new electric 


Magnet core is one-piece tape- 


The 
not. ot 


did 


high degree ot 


assembly of individual cores 


course, have the 


ruggedness achieved in the wound 


tape 
An interesting sidelight to the 
the fact that the 


forme d by 


Inagnet 
new construction ts 
broaching 
Instead, a 
employed to pune h throug ' 


the 


coil slots ire not 


the completed core special 
machine is 
thicknesses of 
The 


nanner in 


single teel Irip 
thi 


thre 


wound feature ol 


the 


is it Is 


machine Is which 


hig Three studs 
polinne d disk 


newed by replacing this one type of 


support 


earry the friction lining 


of the roll 


‘ 


correctly 


cle ifi 


of the design 


dled 


between adjacent punchings is 


pacing 


increased as diameter 


punchings are to be 


yrogressively 


} 
Mnecreast 


the 


provision is 
ential af 


iligned so as to form true, 


lots in the finished roll or core 


The solid-core construction satished one 


objectives which was to 


tandard brake so 
hen k loads could he 


the need for pecial modi 


make tructurally 


thie 


ound that han 


without 


mad (dinky the 


brake 


pl ile 


ipmiature 


o that can be 


completely re 


part 





DESIGN TRENDS 


te dimen 
wture cannot 


exploded i 


the center 

year keyed to the 

halt engapes the splined disks to whiel 
the brake bonded hie 


irmature ire 


binvatag ine 

mad 
tud 
brake 


lationag4 


lulionar 


plate 
three ecured ve 


When the 
pl ile 


ipperted oon 

backplate of the 

ire energized, the 
eparated from the disk “ 
brake 4 Odi cle 
the three 
lly with the 
disk a 


brake 


that 
released energiza 
pring 
tud put pre ure on 


thereb 


concen 


ernbyler etting the 


brake 


three 


try the previou ersion of the 
material 
different a magnet 


ind «lish All were 


ind replacemen Try the 


friction 


pl ie a ont 


emblie luce, end 


plate ubyject to 


weal new cle 
wn however onl thre clisk eart 


Thi 


onl 


internal pline 


likely 
part of the disk Hennes 
the brake cum te 


brake linn 


shich are the other port ot 
ear. are alse 
ompletel rene 
nerel I replacn thie 

Cam Reset. J hie 

it} » mechar 

ist the brake 
ived I hie 
nurled knob 


extends thre 


relea 


1 the end 


When the kine 
thie irate 

ol the three 
Iwo feulure 
Vlas 


Wath 


noteworth 
shereh thie 
di ely 
ized, A 
hack 
between 


illow thie 
1 il 


maticall 


i reoener 


is pulled 
pore ire 
lie ed leo 


returt li il ne 


1} 


tien illy 


“ 
i 


d 


im the 
Star-Kimble 


torque 


flat-rate 


ot « OM pression 


I 


1 


equall il 


of ratin i 


number of basi 


he brake 


bY turning the 


his feature prevents equipment failure 


ial can occur when conventional man 


il release mechanisms ire 
left in the 
\ econd 


1 the 


uninten 
oper ited position 


offset design 


feature is the 
release Both voke 
located clear of the 


ind control 


nob are centerline 
» that freely through 


brake is 


motor or 


i shaft will pass 
unit. Therefore, the 
ittable for use on other 
quipment having long shaft extensions 

Adjustments. |t is customary in brakes 
f thi 


dyu 


ly pe leo provide Iwo types of 


iirgap clearance 
The latter 


idju ling 


E 


tment one tor 
usually 


that 


nd one for torque 


onsists of a set of nut 


elermine the amount of 


brake 


compression 
Howe ver 


that the 


setting springs 


engineers felt 
idjustment ts 


field 


liminate it by the 


often imprope rly 


ade in the ind so aimed to 
idoption of special 
springs 


the 


Spring pressure Is 


any amount 
unaffected by 


lining wear 


ubstantially same for 
hence is 


hange in with 


The 


mew 


airgap 
idjustment possible in’ the 
This is 


nut on the 


sole 


unit is Tor airgap done 
retaining 
three (in 


studs 


tud The use of place of 


he tandard = four) provides 


tripod flexibilitv” in adjusting airgaps 


rround the 
The 


wide 


ill provint magnet 


Standardization brakes are 
tilable in a 


adsare ited for 


new 
range ot rating 


ipplie tions requil 


drive hp. Since this 


1 disk-type unit, the large variet 


ihieved with a minimum 


viven bor ike 
four disk ot 


part \n 
ol trom one te 


lb-ft each 


om » to Oo 


Onher 


vidence of tandardization 


the use of six coils in the 


These can be 


binations for sing or three-phase 
The 


olde I br ike h id 
four coil o that it wa ditheult) to 


three pha ‘ 


magnet 
connected In various com 
le Iwo 
only 


yperation 


balance itt 
nection All 


standard 


whieve econ 
model ire for ac or d- 
voltage rating ol 


LW 


Connection 


use with 
110 volt single 
20/440 volt 
o the coil ire 


1) 


phase and ind 


three phase 


Thi 


through = the 


enter al the core provide pore 


Improving Electronic Reliability With 


PLOY) A 
Chiiet ba 
R. A. ( 


tle a 


COMPLEN AS MANY ELECTRONK Ysii™M 


ane. the reliability of these vyetems cat 


im many mstance be improved bv ad 


cing part tev thee Vstem Certaink 


118 


madi criminate ise ol 


part will add 


unreliability. but intelligent ipply ation 


in improve the reliabilitv of a tem 


tions of 


The “f 


turn ee | to 


Immediately the 
ind 
discussed in 
ible 
kind 


method of 


que when 


how Where urine will be 


show (| 
the po ireas for application, (2 


best of parts tor applic ation and 


ipplication 


Brake is furnished with stand 


on elec 


big. 3 
urd ¢ 


iri 


face for easy mounting 


motors. such as this 3-hp machine 


tection lor the wiring, which can be 


made without interfering with the cover 
of the brake 
Again for all models 


been designed with sufficient ther 


standardization 
have 
continuous or inter 


totally 


mal capacity tor 
mittent duty. All are 
have ( lass \ 
at W ¢ 
diflerent 


totally 


ene lose d 
rated 
three 


insulation and are 


rise. In original brakes 


enclosures (open dripprootl 


and enclosed) were available 
is were distinct designs for continuous 
or intermittent duty 


Fig. 3 


shows the brake in 
Ihe brake is 
bolts holding it to the 
bracket ag 
This 


practical by the 


place on 
1 3-hp motor removed b 
loosening the 
standard (C-face 


housing 


inst = the 


motor simple assembl 


i made changed 
distribution adopted in the de 
ign of the brake. In the older 


lon ated on. the ile 


we ight 
unit 
the magnet was 


of the brake 


llowever in the 


motor 


from the 
brake thie 

mounting 
load 
| 


real 


iway 
present 
with the 


magnet is integral 


Henes the overhanging 


voided In 


addition 
improve d since the 


flange 
has heen a 
di sipation | heat 


producing magnet is in close contact 


with the motor « 


hie 
three tudes 


When the 


igainst§ the 


isting 
cover 4 upported b the 
brake disk 


tight 


san 
that carry the 
nut ire drawn up 
latter 
weight of the disk 
plus the 
ird 


contributed to a 


cover, the actually 


helps upport the 


This factor one-piece ignet 


ind the inbe weight distribution 


have qtitet 


rugged 


iting design 


Redundancy 


of first 


inportance is a bast 
data 
This 


equipime nt 


reliabilities 
sider ibl 


tion of showing 


differ 


and 


will con 


part 


among will depend 


environment to be encoun 


upon the 
| hie 


data ry ithered 


tered following summary of failure 


from a number of tech 


nical articles, is indicative, for exampl 


of part reliabilities in veneral military 





electronic equipment 


Relative Relative 
reliability unre 
Part scale liability 
Carbon composition 
resistors 
fubular paper 
capac itors (125 ¢ 0.98 
lransformers 0.98 
W ire wound precision 
resistors O96 
Deposited-carbon 
resistors 0.92 
Connectors 0.92 
lubes 0.50 


Relays 0.25 


These numbers could be converted to 
ibsolute values for general electronic 
equipment if the time needed for oper 
ition is known. Once it is established 
that a resistor is 0.9999 reliable, then 
the other parts can also be given abso 
lute values 

Next, the prevalent causes of fail 
ures should be tabulated. For example 
shorts, opens drifts, ete Further ex 
amination of general failure data shows 
the following numbers to be indicative 


of the causes of fatlure 


This pes 
cent ot 
Fails by the time 
Carbon Corbpast 
tion resistors opens 
Tubular paper 
capacitors shorts 
Deposited-carbon 
resistors opens 
Wirewound 
resistors opens 
lranstormer- shorts 
Connectors opens and 
intermittent. 
| ile _ 
Relays (Contacts) opens and 


intermittents 


Now an examination of the new sys 
tem is in order, What kinds of part 
ire there? For example in a system 
with several tubes and = relays. litth 
would be gained by using resistors in 
redundancy. In any svstem where over 


ill suecess can be stated in’ simple 


pP 


if P, is say 0.5 reliable and P,. P?, and 
P. are 0.99. the greatest increase in 
system reliability comes from improving 
the weakest component, [4. 
tedundancy can be defined as surplus 
parts and the application of parts in 
series, parallel or a combination of these 
irrangements depends upon the method 


of failure. For parts that fail most 


KEADER INQUIKY SERVICE CARDS. PRECEDING 


Timer Panel 
for Life Testing Appliances 


Timer control panel for lite testing applianes 


\s MANY As GO DIFFERENT APPLIANE edoon lite test 
miultaneous! and automaticall I i ner control panel 
designed by kagle Signal ¢ orporation Moline. Ik As used b 
Westinghouse Eleetrie Corporation, the entire service life of 
uch products as toasters, coffee maker hot plate flat iron 
ind the like may be checked in a few month 

The battery of 40 Microflex timers may be adjusted to appl 
power for the length of time an appliance normall ised 
ind then to remove the power for a cooling off period. The 
timers work in pairs to allow 20 separate testing cycle One 
timer opens the cireuit and the other clos it. With four 
outlets connected to each timer. BO) unit he tested at 


one time 





DESIGN TRENDS parts Although connectors are con- same frequencies Hence. the chances 


siderably better, they still do not com- of a given frequency spectrum affecting 


pare with carbon composition resistors two reeds the same as one reed are 


Both relays and connectors can be con much less 


often by opening, parallel application nected in redundancy by simple means One application of redundancy that 


is needed, For parts that fail most often It is noted that connectors fail most should be investigated is the use of 
by shorting, series application is needed olten by opening or by intermittent con parts associated with fuses. Some fuses 
In a system with a mixture of parte tact (momentary opening) and relays have good vibration resistant character- 
ih as tubes, rela witehe resist fail largely by opens or intermittents istics and they could be used in con 
ors, transformers, and capacitors, little Circuits can be considerably improved junction with “go-no go” redundancy 
is gained by using the more reliable with respect to reliability by paralleling ipplications where vibration is a strong 
parts in redundancy in order to improve connector pins or contact of relays, or environment 
the reliability of the tem. Also, part both. Reliability in both parts is im In summary, consideration of parts 
uch as tubes and transformers are proved b for use in redundant application will 
complex within themselve ind the P ] (q) depend upon 


mechani of putting these inte re ] The reliability of the component 


dundant operation are difheult In where | probability of success parts 


ability i p 
iddition translormer ire one ol the ? probabil of failure How often they fail in a discrete 


heaviest and largest component parts Further advantages are obtained in mode (open or short) 

lhere are two parts, however, relays environments where a relay is exposed 3. The simplicity with which they 
ind connectors, that can be used in to severe conditions of shock and vibra can be applied in redundant connee 
imple redundant application and as tion. Greater resistance to contact chat tions 

uch should improve the overall re ter can be had by paralleling contacts Some parts, such as relays and their 
liability of most systems. As has already ince the resonances of the two reed static counterparts, connectors, should 
been noted in the first tabulation, relay members are not likey to be the same be considered for redundant application 


ire quite unreliable compared to other The then would not chatter at the in all military equipment 


Automatic Assembly Machine for Electronics 


CONVEYOR TYPE MACHINES for the auto machines have been installed in com bicyele chain and sprocket. Compo 


matic assembly of electronic equipment mercial receivers nents are linked with tape so that a 
now used by several major radio and Reliability of the equipment is re chain or belt of uniformly spaced com 
PV manufactures was designed by ported better than 99.5 per cent under ponents is formed. This chain or belt is 
United Shoe Machinery Corporation production conditions. Positive feed of then fed into the inserting heads of the 
Boston, Ma More than 400,000 ixial or pigtail lead components is pro conveyor by a simple sprocket-type 
printed wiring boards produced on these ided by a linkage which works like a mechanism 


FIG. 1--Conveyor assembly machine automatically lo- FIG. 2—Chain of belted pigtail or axial 
cates printed wiring boards on pallets which feed auto- lead components is fed from reel at top 


matically from magazine at left. It assembles resistors, by means of sprocket shown in insert. 
capacitors, jumper wires and tube sockets to more than 


0000 boards per day 
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different Test Samples of 
high-dielectric 


INSULATING 


TUBING and SLEEVING 


INCLUDES SAMPLES AND DESCRIPTIONS OF 
THE FOLLOWING... 


 VARGLAS SILICONE Class H insulating materials vere 

pioneered by our Laboratory. Retain flexibility, electrical 
properties and mechanical strength in temperatures ranging 
from —85°F. to 500°F. Available in tubing, sleeving, lead 
wire, tying cord. 


PERMAFIL-IMPREGNATED VARGLAS TUBING Fiberglas 
braid coated with General Electric's Permafil resin. Ex 
tremely tough, resistant to solvents and elevated tempera- 
tures, highly flexible. Can be bent or twisted with little or 
no loss of dielectric strength. Coils and standard 36” lengths 


VARGLAS SLEEVING AND TUBING Numerous types and 


grades—including synthetic-treated, varnished, lacquered 
saturated, litewall and others 


VARGLAS NON-FRAY SLEEVING Fiberglas braid normalized 
to remove all organic impurities. It will withstand tempera 
tures up to 1200 F. Recommended where dielectric prop 
erties are not paramount. Three types available 


VARFLO TUBING AND SLEEVING Vinyl-coated Fiberglas in 


full range of sizes, colors and grades. Extremely flexible 


with excellent heat aging qualities. Low priced. 


VARFLEX COTTON TUBING AND SLEEVING 


quer impregnated for applications where MIL-I-3190 
Class A materials are specified. All NEMA grades 


Varnish or lac- 


SYNTHOLVAR EXTRUDED TUBING Made in various stand- 


ard formulations of vinyl polymers. Has high dielectric and 
tensile strength—will not support combustion nor absorb 
moisture. Type EG Approved under MIL-I-631A. Several 


others to meet special requirements 


NEW! VARGLAS SILICONE RUBBER SLEEVING AND 
TUBING—the culmination of 5 years of research—for 
applications requiring extraordinary flexibility. De- 


tails on request 


MAIL COUPON TODAY FOR SAMPLES! 


DRPORATION 


Makers of 
Electrical Insulating 
Tubing and Sleeving 


NAME 


city 


oe oe Seer errr = 


COMPANY 


STREET 


VARFLEX CORPORATION, 
504 W. Court St., Rome, N. Y. 


Please send me free folder containing samples of your electrical 
sleeving and tubing. 


lam particularly interested in insulation for 


ZONE STATE 
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omparable importance is the pal 
tem 1 be gd transportation 


hoard 


tation 
the component 
‘ positl el md 
iratel ‘ inder the imeerting 
ead On! i A toinule rr 


| 


iired to ae * prosition ¢ im in 


ering head tor a new board pattern 
While most of the printed 


wiring board 

ive eclanguilar many appli 

require irregular liapoe md 
productior calls for round board biG 


>) Button or walertype sockets are sutomatically 
ie handled equall vel 


inserted into printed wiring board at this station 


Epoxy Cast Spring-Loaded Contacts 


equiptment 
precisia 
older 
pl 
ve cdithe 
losely lon 


Dimen 


eleetru il 
tilating property ‘ thre epor 
Clated its chowwe (lastin Leche 
ised obviated molding pre ure that 
ormally could ers thie thin metal 
hell in i issembled 
ind police }ouw m I hie resin ot 
poured an place mider i vacuum, thu 
elimination sir bocabobyle Oven curm 
ollow resulting in a rigid bar with 
nlegrally cast-in inse rl 

\ thhea-hiled compound wa 

obtain the lowest possible co 
fheient of linear ¢ \ pansion oastoa 


ure the optimum dimensional stability , 
| Epoxy cast units of 21 precision type electrical contacts. Clear resin is used to show 
fhe thermal coefheient of 


sie stectealatat endl construction details, but in production a silica-filled compound is employed 
now on the order of ix 1 Thee 


issembly is used under normal at made oof thin-walled — silver-plated produced by the Special Products 


brass. Tips are made of ruthenium, Re Division of Boonton Molding Company 
jects are said te be cut to the minimum Boonton, N. J for Electronics Divi 


possible sion of Air Associates In 
Lhe pring-loaded contact bodte The multiple contact issembly 


ne pli ri condition ind is expected 


function between | mad 


lon Trap Eliminated in TV Picture Tube 


PeLEVISION. PlOTURE Ake 6OFORMED. bys of the high electrode voltage Because This is considered detrimental to con 


electrons hot from the gut tructure of the relatively much greater ma sumer acceptance 


falling on the fluorescent screen mate they are not substantially deflected and \ widely used method of eliminating 


rial. Untortunately, charged ion ure inless something is done about it, thes the ion spot has been to set the electror 


also present within the picture tube and trike near the center of the screen gun at an angle within the tube and 


travel to the screen under the influence ind in time a dark area is tormed to deflect the electrons towards the 





GUARDIAN 
CONTROLS ae 


e > 
is 
7 
~~ 
SERIES 625 SERIES 220 B04 


SOLENOIDS 


GUARDIAN 


RELOIDS™ 


Pe NEG Sere ae | 


y < by ‘ 
7 : : , 
Reo, 
somes SERIES 1200/1200 
ee 
* 


da teh a) 
RELOID—A switching device actuated AIRCRAFT SOLENOID CONTACTORS 
by means of a plunger, combining 


functions of a relay and a solenoid. 


200 AMPERE 


SWITCHES 


FEATHER-RUB 


MOTOR REVERSING ROLLER 


APPROVED FF SS 
AIRCRAFT RELAYS HERMETICALLY SEALED RELAYS tee 

“te a 
AN 3303 


Cinuete. — today for free Guardian Literature —_ 
GUARDIAN WW ELECTRIC 


1627-A W. WALNUT STREET CHICAGO 172, ILLINOIS 
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creen by external permanent magnet 


Phe ions are not greatly influenced by 
the magnetic field, and since they are 
traveling at an angle to the axis of 
the tubs trike a 


continue until they 


Eccentric Flywheel 


SIMULATION OF THI 
of hand 


achieved in a new, 14-hp sander-polisher, 


OMBITAI Vora. 


polishing and sanding is 


Fig. 1, by use of a counterbalanced 
eccentric flywheel. Called the Auto 
Magic, the 8-lb machine has a 5 » in 
floating head that revolves in a series 


of 4 in, orbit each overlapping the 


next to provide a“ 


mooth inding or 


polishing motion. Rigidity and light 


weight ire obtained by” the use of 
aluminum ca ling for the hody and 
flywheel hou ing Speed of the head i 


reduced through helical gear 


E 


spindle 


big. | Orbital-notion 


Douglas Seott Development Corporation 


Feedback on Rela 


SOME Of THik IDEA PXPRI pout thie 
‘Relay in Electron Tube Cir 
cults by Albert Leen in the July 

issue puge 114 caused \\ 

Holden 
dena, Calif 
He writes 


article 


ton il enyeimmect 


prote 


to comment to th 


inder-polisher 


urface where they have no harmful 
effects 
Another method of eliminating the 
ion spot has been developed by engi- 
neers of the Tube Department of Gen- 
eral Electric Co. It consists of control- 
thickness of the 


coating on the back of the screen, used 


ling the aluminum 


increase brightness and contrast of 


the picture, so that it is thin enough to 
permit passage of the electrons, but 
thick enough to stop the heavier and 
slower ions. Absorption of the ions by 


the aluminum prevents them from 


burning and discoloring the screen 
phosphor. In addition, a simpler and 
less expensive electrode structure is 


reported ( 


Provides Orbital Motion In Polisher 


gear shaft is provided with a thrust 
ball bearing for absorption of axial 
loads. The remaining bearings, with the 
exception of a ball bearing in the head 
assembly, are 
Motor 
anced 


Head 
plastic 


made of porous bronze. 
armature is dynamically bal 
construction consists of a 
foam-filled vinyl pad, bonded 


to an aluminum bearing plate and ball 


designed by big 
(Cleveland 


y Article 


or some titne have been 


1 campaign against circuit ¢ 
who add unnecessary element 
1a used in the anode circuits o 


inode 


ind 2 are 


upplied thvratrons In bigs 
shown a relay shunted by 


ipacitor and added resistance to pro 


bearing retainer, Fig. 2. The head is 
pliable when following continuous con- 
tours and firm on level surfaces. Pres- 
sure-sensitive sanding disks are applied 
directly to the head and are available 
in a wide range of grit sizes and types 
to meet all sanding requirements. For 
polishing, lamb’s wool bonnets, bonded 
to a vinyl jacket, are slipped over the 


head 


te 


BL 


Cross section of unit with flywheel housing removed. 
Flywheel stud is press fitted into inner race of head ball bearing 


tect the tube from the « ipacitor current 
The author states that if an a- 
ised, the 

Actually, an a-c relay should not be 


relay is 


capacitor can be omitted 


used in this circuit as it will operate 
short. A 


more preferable relay for this applica- 


falsely on a cathode anode 





ae 


<2} Se ed 





lf you control movement of machines, traffic or materials, it'll pay you to use 


Ad lake. arene — 


new Adla 
no maintenance whatever ! eniel + hatterl 
ies hhasand Du t, dirt, moisture an dt mperature cl 


its Operation Mercury-to-mercury contact 5 
with no burning, pitting or sticking. Write for cat 


The Adams & Westlake Cc vompany ee 
nena hen” * Spaaneneve, SETA . cage 


the origi ind largest manufacturers of mercu 





DESIGN TRENDS | agree that unnecessary circuit ele automat 


Cs ments are best 


gaging protection and out 
omitted from any ap of-tolerance material could be manu 


paratus. However, the following con factured for a prolonged period of time 


iderations are in order: before discovery. Over-correction otf 
tient i the how release ly pe which ha (|) Working knowledge ol how d-« 


process due to the tse of an art relay 
i copper tube around the core under 


relays can be applied in circuits such falsely operated by an anode-cathode 
the winding Such a relay will not is those of Figs. | and 2 expedites rapid short circuit would become evident 
operate on ac and will not chatter on experimental setup@without waiting for quickly and corrective action could be 
the pulsating one-way current in’ the pecial components such as slow release taken at once by switching to another 
inode circuit of the thyratron. There ij relay amplifier or manual monitoring until 
no hazard by failure of fhe added cir (2) A system malfunetion, in indus repairs could be made 
it elements needed with other type trial application hould be discovered (3) If the anode-cathode short i- 
of relay, and speed of the combination it the earliest: possible 


in be about the “anne 


Mi Leen wa riven the 


r 


moment so that momentary, the system will not over 
corrective action can be taken, Since correct and in the event of repeated 


opportunity the slow-release type relay will not momentary shorts, attention will be 
ol inswering thi comment ind hi a 


operate on an anode-cathode, the oper called to need for maintenance 
rebuttal follow 


itor might not be aware of having lost 


Constant Force Spring for Carriage Return Combination Fastener and 
Spacer Speeds TV Assembly 


SEVERAL AUXILIARY PARTS are eliminated 
and faster and simpler assembly pro 
vided by a new Tinnerman “Speed Nut’ 
designed as both a fastener and a 
spacer on a television focusing unit. A- 
shown, the U-shaped base of the fastener 
slips over the flanged rim of the focus 
ing unit frame The mounting flanges 
of the focusing unit are positioned over 
the clearance holes of the formed box 
section of the fastener lightening of 
the serew provides a self-locking fa- 
tener and spacer all in one plece 

\ shearable finger on the U-shaped 
portion of the fastener prevents over 
loading of the box section when torque 
is applied. Three fasteners are used on 


each unit 


scanning corriage 


OMPAKMATIVELY LANGE FonRct octated with 


onstant-foree Ne iter prit “ ol ! the carnage 


mile transmitter designed b the 
The Ne ile 1? ! i tured | th 


O OOS, 


niet Lele rraph 


prin 


been 


enith Rad 


126 





Engineered by Tinnerman. 


SPEED CLIP’ simplifies assembly, adjustment 


and servicing...and saves money! 


The Westinghouse ‘Television-Radio unit securels 


in place. ‘This Speep Crip cuts 
Division, Metuchen, New Jersey, needed costs on. the 


issembly line. And it permits fast 


a fastener to fill a complex fastening ind simple adjustment of the television tuning 


requirement. ‘Tinnerman was consulted coils, eliminating the problem of blindly search 


and developed a special Sprep Cusp that fit ing with a screw driver for the slot of a special 


the job perfectly! hex nut 


This one-piece pring steel Sprep Cup 1 Find out how Seeep Nuv Brand Fasteners can 
assembled quickly and easily to the television help 


uu improve our own fastening method 
tuning coil. The Sprep Ciip, with tuning coil Ash our ‘Tinnerman representative for detail 
ittached, is then simply snapped by hand into of ou istenil \ is Se 


ha j to lock the 


ol Vrite lor 
twin mounting holes in the 


TINNERMAN PRODUCTS, INC 


runenman Shrood Mult 


af >’ 


SSA 3) 





DESIGN TRENDS CHANNEL SELECTO MANNEL SELECTOR 


Pen ERG AOMw of 


control operation. Keset control turns 
on sound and power circuits if they 
are off and no flashlight is handy 
Direct motor control switch buttons 
(upper left and rig 


r 


ht) are operated 
manually to change channels in a 
clockwise or counterclockwise direc 
tion 

Block diagrams of the control ci 
cuits are shown in Fig. 2 and circuit 
diagrams are shown in Figs. 3 and 4 

The tuning photocells are each con 
nected to one-half of a dual triode 
(OBX76T). A relay is connected in 
the anode circuit of each triode section 
to control the motor and its direction 


The photocells for power and sound 
big. |—Diagram showing loca- 


ire each connected in the grid circuits 
Onn tions of cadmium sulfide photo- 


of a 2D2)] miniature thyratron 


celle on TV receiver for remote 
relay controls the application of line 


seme ty dee cenciver, Tive ether voles control with flashlight. 
controls the transfer of audio power 
from the audio transformers to the 
loudspeaker 

The main power witch applic 
power to both the receiver and control 
eircuit When it is in the on position 
the power to the receiver itself 
controlled by the photocell circuit. A Fig. 2--Block diagram 
main sensitivity potentiometer control of control circuits, 
the overall sensitivity in accordance 
with room lighting Individual balance 
potentiometers control the sensitivity 


of the several control circuits 


ponnnore il | 
sama 


pe ane a ane ae ae aaa 
? 


> 
L = 


1/2 6BX7GT 


M 
f tube 


rhyratron control circuit, Fig. 4—Motor control circuit. 
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In motor starting ‘apacitors 


specify 


MALLORY il Ne 


sit 


Al 


It pays to be particular about the motor starting capacitors 
you select for your air conditioners, washers and other 
appliances. For this is strenuous service, where humidity, 
Vibration, high temperatures and severe starting cycles place 
a heavy burden on this vital component. 


Mallory AC motor starting capacitors are designed to give 
the best in performance. The series wound construction used 
on Mallory ratings above 165 volts reduces electrical stress 

. provides long life at high voltage. Their plastic case... 
pioneered by Mallory... effectivels protects against the 
effects of humidity, and affords improved heat dissipation. 


Through exclusive manufacturing techniques, Mallory motor 
starting cupae itors are made to closer tolerances than indus- 
try standards demand... to assure you of maximum torque 
and uniform cut-out timing for your motor. New spring 
steel mounting brackets afford quick, simple mounting cither 
on or off the motor. 


Mallory research has been responsible for notable improve- 
ments in length of life, size reduction and economical mount- 
ing methods—resulting in) capacitors of maximum value 
and dependability. For technical facts. write or call us today. 


Expect more...Get more from MALLO RY 


Serving Industry with These Products PR. MALLORY @ CO. inc 
Electromechanical — Resistors © Switches ¢ Television Tuners © Vibrators 
Electrochemical— Capacitors ¢ Rectifiers © Mercury Batteries 
Metallurgical — Contacts « Special Metals and Ceramics ¢ Welding Materials 


Pp. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





New Components 
and Materials 


A staff compilation of the latest—and only the latest—developments 
screened for designed-in use in electrically operated end products . . . com 


plete with all released specifications and available application data. 


PERMANENT—-MAGNET FEATURE IMPROVES MIDGET RELAY PERFORMANCE 


() spe ons . ‘ 
\dvantage of Ubminiaturization plu ther peciheation inelude land 


ird pull-in, '% watt: standard 
normal contact ive indo pre ure ire | indard operat 


suds be combined in a new ub ing. 1.1 watts \ pull In sensitivity up 


- o 50 S 9s Ve 
ieee cies LAL EAR (aah I milliwatts is available by derating 
MII i . : - the contacts Speed ot operation 20 


lactured to meet requirement of 
ie | . millises (nominal) direct batiery-con 
, - 


nected Higher speeds obtainable by 


Lhe design utilize i permanent mag 


derating the contacts 
etoam in electromagnets eireun ™ 


The relay erates 
it ingement making jeer ibole the hig ' Opera in unbient ten 


b 


eral anging 
inmature torque nec it to overcome iu iture ranging trom 


(stand . ah 
High contact pre re ind actuate large idard ) tlso ivailable 


wrature ranges trom 65 1 » 
ontact in i ubminiature conhwura | - ) o Le 


| Ty 1 n stand: sig 0 g ” 
horn Vechant ill thre rela i cor In indard de ign 10 5 ol vibratic 


Sineieis to 00 eps and shock in excess of 100 ¢ 
inmature 


ted with i balances 
M-1000A are 4 can be withstood. Weight is 0.33 
Luther Manufacturing Co.. 7312 Vert 


Ave North Hollywood. Calif 


no pivot hinges or bearmg Contacts of Model 

Iwo general types of Model L000 are n.diam solid silver or paladium with 
tilable lype M-LOOOA i general > amp tandard rating (resistive) 
purpose SPDT rela ind ‘Type M Contact life when tested in accordance 


LOOOR. ce igned tor polarized operation with MIUL-5757B is in excess of 250.000 Circle No. 1, Reader Inquiry Service Card 
, receding back cover 
Both ire identical 4 ive evel p 9g b ve 


PREMIX POLYESTER RESINS DESIGNED FOR RAPID MOLDING OF INTRICATE PARTS 


livres new prem polyester resi ine ipplic ation whieh require ulhicient resin avatlable it a lower price tha 
cially designed for the rapid mold flexibility to minimize cracking around PE-40 and PE-51L. Barrett Div Allied 
of intricate parts with varyvin wall core pin ind imsert Chemical & Dye ¢ orp KW) Rector St 


Chihiesst difficult contol ine PE-55 i i reailient resin containing New York 6, N. Y 


S are 
olded inh itisert invitolue tie lt ! i medium VISCOSITY Circle Ke 2. manson Sranity POrViC® ane 
Lhe polye ter resi designated I} a 


Ht) I} rl mad Pl ? premixed bey 


e molder in large batelv with filler 





I yp al propertse 


ment and reinforcing material uch 

chopped vla or i il compound Hot Barcol hardness 

mixture is then molded in matched 0 i iil 
i) ec alter ¢ gz! 


{ old Barcol hardness 
Ultimate flexural strength, perl 


netal due using conventional compres 
toni molding pete me 


Pk40, a rigid resin containing diallyl 
Bi - 7 * Room temperature 17.900 15,900 16,900 


200 | 8,110 590 7.380 
After 2 hrs boiling 14.500 10.400 14,500 


phthalate, permit fast curing cycles 
ind produce molded part with out 

y surface charact ties. It offers 
I a — cha . ‘ 7 i : ¢ indidies ofl aipatiabie in Geethiee, eel 
higt al strengt nd on ulus of 
igh fHexura CORE TS Ses ns Room temperature 16x 10 1.56% 10 botx 10 
200 | 0.69 x 10 046« 10 O52 10 


L ltimate tensile strength, psi $+.400 6.120 


elasticity \ well a excellent hot 
strength 


PE-S1, a resilient, high vi ay oem Water absorption, 24 hr per cent 0.56 0.19 0.149 
containing diallyl phthalate, is designed Shelf life of mix. 73 F.d . . 8 

” ite Oo mi ., aye 
specih ally for those premix molding 


_— 
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JOHN A. ROEBLING'S SONS CORPORATION, TRENTON 2, NM. J. emancHes 


w. ROOSEVELT RO 
rIigwer @.oGa 


aT 


eT ave.s 


PAanere 


PACKAGED FOR 


TOP SPEEO 


ORDER ROEVAR MAGNET WIRE 
aver 
IN YOUR PLANT 


HERE'S A FAMILY PORTRAIT of Roebling pack- 
ages for Roevar Magnet Wire. At left is the time- 
honored spool available, of course, in all standard 
sizes. Next are three fibreboard drums containing 
100, 250 and 500 Ibs.of magnet wire. And last is a 
pail — metal — 100 Ib. size. 


Many users have already converted — or are 
planning to convert —to drums or pails. These big 
containers cut down on stoppages and threadings. 


They eliminate the need of returning spools — save 


Roebling fibreboard drums and 
the metal pail are non-returna 
ble. In line with the modern 
trend, they are bringing new 
efficiency and economy to wind 
ing operations. 


; < 
} 
ON B80 
ae 


CINCINNATI, 3253 FREDONIA ave * CLEVELaNe 
MOUBTON, 6216 NAVIGATION BLVD 


ADELPHIA 


LOB ANGELES 


Pret 230 vine oT PITTSSURGH, 1723 HENRY Ww. Oo 


TULSA. 32! NM. CHEYENNE ST Cx PORT BALES OFFice 


INOUIRY StF 


140 € 


Liver @ 


9 ne 


bookkeeping and handling—boost winding speeds. 


In plants all over America 
Roevar Magnet Wire is today’s standard specifica- 
tion. Roevar insulation is far tougher than conven- 
tional enamel. It bends and stretches remarkably 
without cracking or loosening from the conductor 
... has high resistance to baking temperatures and 
to the solvents in coil-treating varnishes ...comes 
in sizes #8 to 40 A.W.G. Write for full information 


and samples. 


ATLANTA, 934 AVON AVE SOSTON, tt-tS BTILLING BF 


LAK EWOOO HEIGHTS @Lyv + of 


NVER, 4601 JACKBONM BT 
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PRECISION 
POTENTIOMETER 
INSTRUMENTS 


for AIRCRAFT and 
GENERAL INDUSTRY | 


PRECISION ENGINEERED 
FOR DEPENDABLE 
PERFORMANCE 


Bourns instruments feature 
the finest design and 
workmanship in wire- 
wound potentiometry. 
Their precise electrical- 
signals, requiring no 
amplification, are used in 
control systems, 
telemetering networks and 
recording circuits, Rugged 
construction guarantees 
accurate and dependable 
performance during the 
severe shock, vibration and 
acceleration conditions 
encountered in aircraft and | 
industrial applications, 


Physical variables such as 
linear displacement, 
acceleration and pressure 
are measured to an 
accuracy of 0.25% of 
instrument range. Single or ' 
dual potentiometers and 
linear or functional outputs 
are a few of the many : 
characteristics that can be | 
provided, Besides the | 
hundreds of standard j 
models and ranges 
available, special designs 
may be developed for 
individual requirements. 


Bourns TRIMPoTS —the 
ultimate in sub- 
miniaturization — are used 
for circuit trimming in 
miniaturized assemblies 
subjected to extreme 
environmental conditions. 


Bourns many years of 
experience in specialized 
potentiometer instrumen- 
tation, plus modern produc- 
tion facilities, assure you 

of the highest guality 
instruments uttainable. 


LABORATORIES 


6135 Magnolia Avenue 
Riverside, California 


Technical Bulletins on Request, Dept. 304 


SILICON POWER RECTIFIER 
OPERATES TO 200 C 


Silicon power rectifier capable of oper 
iting at ambient 


200 (. js 


temperatures up to 


shox k 


and vibration-resistant plated case ap 


housed in a rugged, 


proximate ly 1% in 


in diam and 114 in 


eH 


ol 


4 
‘f 


ce 


vi iximum 
volts 


voltage is 70 


in height reverse working 


Zener 


volts. For 


oltave is 60 


Triiratiriuiin 
(bore akdown } 


ward current density at | volt drop is in 


excess of 


O00 amp per sq in. of june 


area. Hoffman 
National Semiconductor 


kvanston, Hl 
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Products Div 


Cards 


NYLON FLANGE BEARINGS 


Two standard types of nylon flange 


bearings for directly in a 


mounting 
housing are «de signate d 


Nyliners. Both types 


the same the 


Types 5 and 6 
are dimensionally 
that 


anti-rota 


diflerence being 


Type 6 is provided with an 


tion key for use in. soft 


nonterrous 


Pr] TTT} ) ~? 


housings to avoid wear in the event 


of linear rotation Kach series com 
prises twelve sizes 
to | 


of flange 


ranging trom 6 in 


» in. nominal ID. Length, exclusive 
thickness 


inside 


is the same as the 


nominal diameter 


Nylon 


0.025-in per oon due to 


will change dimensionally 


moisture ab 
thermal 


sorption plus a expansion of 


approximately ten that of steel 
this the 


provided with a slot or 


fo correct for bearings are 


compensation 


gap which allows, the circumference of 


the bearing to expand and contract 


without changing the bore diameter 
The flange is also provided with slots 


which prevent expansion and 
the flange 
This 


be iring to 


contrac- 


tion of from 


distorting the 
hore construction permits the 


take loads fre 


quently the flange is all that is required 


end thrust 


for retention of the bearing in the 


housing 


The 


characteristics of 


bearings possess the inherent 


nylon; they are cor 
rosion-resistant, non-contaminating, can 
operate in liquids, 


most and provide 


silent operation. The compensation gap 
construction permits close fits, compen 
sating for the inherent dimensional 
which 


result of 


change 


occurs mn nylon as a 


moisture and temperature 


variations Thomson 


Manhasset, N. Y 


Industries, Inc 
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HIGH-VOLTAGE CONTROL 
TUBE CAN BE CONNECTED AS 
TRIODE OR TETRODE 


Versatile control 


6792, is a 


high-voltage 


CBS 


tube, 
known as the multi 
purpose beam tetrode for voltage sta 
bilization 3000 to 25,000 


volts. The triode 


service trom 


tube may also be 


different 
Wide range of available input connec 


connected in several 


ways 
tions offers a choice of many operating 
characteristics 

The 6792 


control problems as a regulator 


can solve high-voltage 
gating 


tube, variable resistor 


or amplifier. To 
attain high efficiency and dependability 
internal structure of the tube embodies 
the principle of the electron-beam gun 
tubes 


( tetrode 


cathode-ray 
tube 


found normally in 
Characteristics of the 


connected) include 


Anode 


grid | 


voltage 25 kv 
18.0 volts 

1.0 ma 
200 volts 
grid 2 current 0.1 ma 


voltage 
anode current 
grid 2 voltage, 
plate resistance 10 meg 
transconductance 195 mmbhos 


(approx 
Maximum ratings (ae sign center 
values): 

anode voltage 


unregulated d-c supply, 





Co TE aa ALL 


AUTTG a Con 


Ce 
mee 


You're time and money ahead with Performance- 
Guaranteed Magnetic Shields, for our shields 
are guaranteed to meet the requirements of your 
circuit to mutually agreed upon shielding speci- 
fications. Dry hydrogen annealed, as required 
of MuMetal, A.E.M. 4750, or whatever 
commercially available material is most suitable 
. fabricated or drawn... painted or lacquered 
to match any shade, or unfinished. Write for the 


industry's most complete catalog, MS-104, today. 


UE EAE ET 


DEPT. EM-26, BUTLER 





CHROMALOX 
Electric 


TUBULAR HEATERS 


provide controlled 
and dependable 
conduction, convection 
or radiant heat 


These versatile Chromalox Tubular 
Heaters provide the kind of heat you 
need, exactly fitted to your specific heat 
ing application 

Available in straight lengths or formed 
to any desired shape. Used for heating 
dies, molds, platens; as immersion 
heaters in liquids, soft metal and molten 
salts: or in ovens, air ducts and other 
alr heating applications 


Let the Chromalox Sales Engineering staff 
solve your heating problems . . . electrically 


Write for your copy of 
Catalog 50 


for full information on the 
complete tine of Chromalox 
Llectric Heaters and control: 

For ideas on additional ap 
plications of electric heat 
request Booklet F 1550 10 
Ways to Apply Electric Heat 


Edwin L. Wiegand Company 


1S Boulevard, Pittsburgh 8, Pe 


ylvania 


EDWIN L. WIEGAND COMPANY 
7530 Thomas Boulevard, Pittsburgh 8, Pa 


| would like to have 


\ 


] a copy of Catalog 5 
}] a copy of “101 Ways 


] a Sales Engineer contact me 
Name 
Company 


Street 


grid | voltage 125 volt- 

10 ma 
inode dissipation 25 watts 
$50 volt» 
1.0 watt 


5.0 me 


cathode current 


yrid 2 voltage 
grid 2 dissipation 
grid | circuit y 


resistance 


In order to withstand the high volt 
ges and temperatures encountered in 


25-kv supplies, the 6792 has its plate 


connected to a top cap and is eontained 


in a large T-12) bulb. CBS-Hytron 


Danvers. Mass 
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COOL-RUNNING A-C RELAY 
Modified telephone-type design of Type 


Ro a-c relay offers the advantage s of cool 
suitable 


operation and is particularly 


for use where hermetic sealing or dust 


covers are required. Typical heat rise 
using 4 ¢ 


with 0.020 gap and 


in Open iit 18 ( 


up to > 
imp at 110) volts 
A) gin contact pressure Coils can he 


upplied for all standard voltages up 


» PID voll ie. Contact combinations 
Pil up to 5 amp at 


i: 4 PDT upto 5 amp at average 


iverape 


Vibration resistance is 10 g at 5 to 


cp depending on contact combina 


tions. Shock resistance: 20 g energized 
IS g nonenergized. Life expectancy: | 
QO0.000 operations min. Size ly x 

depending on contact 
Available open, with dust 
cover or ealed 
hlectris ’ 5349 Addison St 
18. Hl 
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| x 2'4 in 
combination 
hermetically (omar 


Chicago 


COUPLING HAS UP TO 3-DEG 
MISALIGNMENT CAPACITY 


Series 3D Dihedral self-aligning cou 


pling is designed to handle misalign 
ment up to 3 deg between driving and 
driven shafts of direct connected ma 
Looth makes 


There Is 


chines design possible 


close tooth clearance no end 


oftooth wear under misalignment as 


the load is normally carried at the 


center of the tooth: under maximum 


rated misalignment the driving force is 


carried across an entire half tooth 


Lubricant is sealed in; all foreign mat 
ter, solid or liquid, is sealed out 
Dimensions of the five available 
minimum and maximum 
bores) are Model 3150 | ‘4 to le 
m.) Model 3200 (1 to 2% in.) 
Model 3250 (1 to 25. in.); Model 
5300 (11% Model 


sizes (with 


to 3, im.) and 
350 (2 to 3%, in.) 

All 3D) couplings are 
NEMA shafts standard 
keys. Ajax Flexible Coupling Co., Inc 
Westheld, N.Y 
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designed for 


motor using 


SILICONE ADDITIVE 
PRODUCES HAMMER FINISH 


Silicone hammer finish additive tor 


conventional metallic identified 


as F-4290. is 


paints 
eflective in concentration 
is low as 0.1 to 1.0 per cent by weight 

Varving the concentration of the ad 
itive 
effects 


produces i variety of hammer 


rangin from coarse to fine 
F-42290) may be 
mixing or may be added to the finished 


[ests 


additive is effective with such vehicle 


incorporated during 


formulation indicate that the 


resins as: drying-type alkyd 


epoxies 


ova alkyd-melamine coconut alkyd 


melamine; silicones and modified sili 


cones; and acrylic, nitrocellulose or 
ethyl cellulose lacquers 

The additive may be incorporated 
in existing commercial finishing com 
pounds, by the user, in any concen 
tration, as long as that compound is 
i metallic paint containing non-leafing 
aluminum 

\ suitable hammer finish can easily 


he produced by incorporating the sili 
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goes a sieeving! 


All around some conductor rods 
Heat was put to some sleevings. 
The oven thought ‘twas all in fun — 


Pop — goes a sleeving! 
... the sleeving that doesn’t go pop’ is BH “LIS1” 
it never does! A pat nted combination of braided Fiber 
glas and silicone rubber, BH "1151" has what it takes 


to stand up under all kinds of punishment 


Look at this test Sample » ol comparable sleevinys wert 
slipped over conductor rods bent to a ‘| with an 
approximate ! ” diameter. Then they were oven heated 
at Zo tor eight hours. The BH “L151” samples 
showed no ill effects trom the test, while the coatings 
of other samples broke open at points of maximum 


stress around the bend of th [ 


Heat-bend resistance is just one feature of BH “LISL” 
It is ‘sate for continuous Operation trom —90 F. to 
100 FF, Meets all industry specifications for Class H 
insulation, as well as MIL-I-18057. It also offers per 

manent flexibility, excellent oil, chemical and tungus 
resistance. Ic is self extinguishing within 15 seconds 
And, BH “1151” can be twisted and bent without cracl 


Inv OF craziny 


Available in all standard colors, BH Lio) is packaged 
in spools or coil put-up, with 36” lengths or short pieces 
on special order. Try it now send tor data sheets 


ind tree Production Testing Samples 


BENTLEY, HARRIS MANUFACTURING Co 
! BARCLAY STREET 


HOOHOCKI J +A | Qn ( 
{7 


ae A 
j 


BENTLEY, HARRIS / 


y 
yo 


/ 


Virb 


*BH Non-FPraying Fiberglas Sleeving 
Harr process Us Par 
Fib 


erela Ree. TM of Owen 





1,000,000 


Printed Circuits 


in operation 


and not ONE failure 
due to 
Flux Corrosiveness 


A 


INSULATING 
ROSIN FLUXES 


and FLUXCOTE 21XR 


Whatever your printed circuit produc- 
tion, Dip Spot or Area soldering 
you can get this same performance 


with Lonco Soldering Fluxes! 


plus 


@ smooth, fast action 
good finished appearance 
high leakage resistance 


maximum heat absorbing 
and anti-sputtering 
characteristics 


All Lonco Fluxes protect your circuits 
before soldering, during alloying and 
in their residues 


@ REQUEST FREE 
TECHNICAL BULLETIN 
“The Soldering of 
Printed Circuits”’ 


Also request free samples and 
data on other Lonco Products 


— used in printed circuit 


FLUX REMOVERS 
OXIDE REMOVERS + FLUX THINNERS + SEALBRITE COATINGS 
FERRIC CHLORIDE + INSULATION COATINGS 


manufacture 


LONDON CHEMICAL 
COMPANY, Inc. 


1537 North 3ist Avenue 
Melrose Park, Mlinois 


tone additive in standard enamel ol 


lacquer metallic formulations. If the 


pattern is not completely satisfactory 


however, the desired effect may be ob 
tained by ¥v ing the olvents or ad 
justing the viscosity 

F-4290 i 


quantities 


ivailable in commercial 
ranging from 1 gal up. To 
facilitate mixing, the additive is sup 
plied as a solvent solution containing 
a low concentration of nonvolatile sili 
cone polymer, Shelf life is said to be 
Midland 


excellent. Dow Corning ¢ orp 


Vic h 
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HEATING ELEMENTS ARE 
0.032-IN. THICK 


U ltra-Thin 


ing only 0.032 in. or Jess in thickness 


heating elements measur 
ire designed for use in electronic equip 
ment, ervstal ovens and in other appli 
thinness is a 


Designated Eleetro-Thin 


cations where extreme 


requirement 


the element features insulation of sili 
cone rubber and Fiberglas that) can 
operate it temperatures ino excess oft 


150 I 


any plane shape and in any. size re 


klements can be produced in 


quired, Kesistance variations range j 
from 1.5 to 40 ohin per sq in Electro 
Klex Heat. Ine 16 Asvlum St Hart 


ford » Conn 
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SELENIUM SUN BATTERY 
CELLS 


Advantages of a series of selenium sun 
battery cells includes low cost and high 
eli-generated making them 


uitable 


output 
components for transistor 


power control applications 


upplice “ 
photometric equipment, as well as for 


experimental uses 


The cells are now in production in 
a wide range of sizes and power ratings 
from 0.14 to 10.5 sq in. in photosensi- 
tive area and from 0.1 to 15 milliwatt 
power output in direct sunlight 

A single stage transistor and germa 
nium diode radio can be powered by 
1 Type B2M Sun 


irea of 0.32 sq in. Also, by connecting 


sattery having an 


these cells in series-parallel combina 
tion, covering an area of 8 in. sq, 
enough power can be generated in di 
rect sunlight to drive a typical 5-stage 
transistorized radio or other transistor 
devices 

Short circuit current up to 40 ma 
or open circuit voltages up to 0.5 volt 
per cell can be generated in direct 
sunlight. Long life operation is anti 
ipated for the cells. which are encap 
sulated = for 


scratch resistance. The cells are avail 


moisture corrosion and 


ible on straight bracket or on angle 
bracket 


leads are attached to the battery elec- 


mounts: color-coded pigtail 
trodes to facilitate connection to the 
Rectifier 
Corp., Product Information Dept., 1521 
KE. Grand Ave., El Segundo, Calif 
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BROAD AREA POWER 
SILICON RECTIFIERS 


Designed for use where temperatures 
ire high and size and weight of equip- 
ment critical, high power, broad area 
silicon rectiher has important applica- 
tions in guided missile and aircraft 
equipment 
Silicon rectifier 


power supply can 


iwhieve well over 90 per cent efficiency. 


a 
In the smaller units, efhiciency is over 

99 per cent 
By the use of the broad area silicon 
rectifier, it is said, weight of standard 
uircraft 200 amp, 28-volt power supply 
in be reduced to less than 50 Ib. Also, 
the efheiency of the = silicon rectifier 
supply is so high and the output volt 
ige regulation so close that no special 
regulating equipment is required. Broad 
irea silicon rectifiers in cells rated at 
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Since 1937 Librascope has earned and 
achieved —on an ever expanding scale 
a yx sition of leadership in the ce Sign, 
development and manufacture of 
anata nds computers, automatic controls and data 
° ‘ handling systems for military and 
industrial applic ations. 

Librascope, through a unique 
combination of elec tronic, Magnetic, 
mechanical and optical techniques, 
consistently demonstrates an outstanding 
facility for the production of precision 


Th Maher: 
e instrumentation and devic cs. 


Phe creative ability of an exceptional 


Capacity " engineering staff and the produc tion 
capacity of a superbly equipped 
for 


200, 000 sq ft plant facility can be 
focused on your computer-control 
problem Consult | ibrascope today 


\ 


~ 
. 


PJ 
> s 


ENGINEERS learn about Librascope’'s 
new creative “Project Dev elopme nt Teams 


write Mac McKeague, Personnel Director 


OF GENERAL PRE SION EQUIPMENT 


LIBRASC¢ 
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Up here 


Only the Best is Reliable Enough 


G-V Thermal Time Delay Relays have won the confidence 
of the country’s major manufacturers of aircraft and air- 
borne electronic equipment. More than a quarter million 
of them are now giving dependable service in over 500 
different application: 


Timings of 1/10 to 300 Seconds 


Precision of operation, unobtainable 
elsewhere, is made possible by the 
G-V design. Hermetic sealing, field 
adjustability and temperature com 
pensation make closer settings and 
accurate repeatability inherent in G-V 
Thermal Time Delay operation 


A well-qualified G-V representative 1: 
ready to serve you. Write for com 


plete data 


G-V CONTROLS INC. 


“ Hollywood Plaza, Kast Orange, N. J. 


100 peak inverse volts, 14 amp halt 
wave; cells can be stacked to achieve 
desired circuit requirements. The broad 
area rectifiers have been designed to 
function at peak efhciency in a range 
of ambient temperatures up to 100 ¢ 
Laboratory tests have shown that under 
many conditions the rectifiers will op 
erate successfully at 150 C without the 
need for external cooling equipment 
Bogue Electric Manufacturing Co., 60 
lowa Ave.. Paterson 3, N. J 

Pix 19 
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MINIATURE GEARS 


Miniaturized gears are available with 
a tooth-to-tooth composite tolerance ot 
0.0005 in. and a journal diameter toler 
ance of 0.0001 in. Other character 
vie 


and 80. 96. or 120 diametral pitch, De 


istics include a 20-deg pressure an 


sign features include burnished gear 
teeth and burnished bearing diameters 
Available materials include: hardened 
stainless steel, brass and aluminum 

Gears with closer tolerances, differ 
ent pressure angle and pitch available 
on special order. AGMA standards fol 
lowed throughout. Washington Machine 
& Tool Works, Inc., 1001 Washington 
Ave. S.. Minneapolis 5, Minn 
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GERMANIUM FUSED 
JUNCTION TRANSISTOR 


Three new fiepen fused junction german 
ium transistors, Types HA5001, HA5002 
ind HA5OO3 are medium power 
models, characterized by high gain an 
low noise figure In addition thie 

exhibit i negligible ilp i-crowe?e 


(] 


etiect tt | current The how 





The Engineer from Continental Screw Co. ... 


rp 


Brings you over 20 years’ experience 
in aluminum fastenings 


Long experience helps Continental 
advise you on aluminum fastener needs 


yo find a short talk about aluminum fas- 
teners with Continental’s engineers well 
worth your while. They pioneered in the devel- 


opment of these long-wearing, non-rusting 
lightweight fasteners and now offer you the 
largest range of sizes and types in the industry. 

In addition to this large inventory, Continen- 
tal’s engineers can advise you about the re- 
placement of copper and brass fasteners with 
aluminum. In many cases, you pay less for 
aluminum. 

Continental handles both aluminum nuts 
and screws, including wood screws, machine 
screws, and tapping screws. They will also 
match any color you wish for your aluminum 
fasteners. For the kind of service that comes 
from long experience in the field, call on the 
engineers from Continental. 


Only Continental Engineers 
Are Required To Have This Training 
Each engineer at Continental is required to undergo thorough 
experience producing ground thread taps and gages, with their 


exacting screw thread dimensions, This special training is 
passed on to you—at no extra cost, 


You Can Always Count on Continental 


Continental Screw Co. 
Manufacturers of Holtite Fastenings 
Massachusetts, U.S.A, 


v Bedford 


, 





OPTIONAL FRAME MOUNTINGS 


There's no need to change product design 
to use new NEMA frame sizes. A. O. Smith 


gives you frame mountings drilled to old 


and new specifications. 


DRIP-PROOF CONSTRUCTION 
Motor can be mounted in any position... 
drip-proof thru 360° cycle... simply ro- 
tate end brackets. No foreign matter can 


enter vent holes. 


PRE-LUBRICATED BEARINGS 
Shielded bearings assure protection 
against over greasing . . . provide even 
load distribution under all working 
conditions . . . quiet operating. 
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A. 0. Smith integral hp motors 


* Always clean 
*k Easy to service 


VHE secret of the totally-enclosed switch assem- for either old or new NEMA dimensions .. . C 
bly is a sealed pocket in the end bell of the and D flanges or special flanges as required. 
motor... a recess designed specifically to house Produced by one of America’s great industrial 
the entire switch and actuator assembly. The concerns, these motors are backed by a national 
pocket is then sealed with a cork-lined cover to network of 270 strategically located factory serv- 
prevent any type of dirt, dust or other foreign ice stations. There’s one near you—ready to provide 
matter from ever coming in contact with these 24-hour service on all parts and service orders. 
critical parts. 
Service is a cinch. Because of the proven sim- 
plicity of the A. O. Smith switch design, service, For more information on A. O. Smith 
even without the separately sealed feature would integral hp motors, write for new Bul- 
be practically nonexistent. Each switch is indi letin No. EM1506. 
vidually adjusted to the precise setting for long 
life and best electrical performance. As a result, 
it’s almost impossible for contacts to burn out. 
When you specify A. O. Smith integrals, you f' 
get motors that are application-engineered to 
match your particular product design. There’s no 


need to adapt your product to the design limita- 
tions of conventional motors. 

And remember — for your design or speed re- 
quirements, there’s an A. O. Smith integral hp 


motor available to power your products. Integrals iS 6 R . oa 

are built in a single-phase (1 thru 74% hp) and ELECTRIC MOTOR DIVISION 
polyphase (1 thru 150 hp) ... in various speeds ripP 
and frequencies . . . choice of frame mountings 


yp * 
Through research “_£, ...@ better way 


CITY, OHIO 


Milwaukee 1, Wisconsin 


application-engineered to match your product requirements 


7? 


FULL-ROTATING CONDUIT BOX DYNAMICALLY-BALANCED ROTOR CONTROLLED THRU-VENTILATION 
Can be set at any angle. Designed to Assures continuous, vibrationless, trouble- Cooling system designed for high-volume, 
save motor space and speed installa- free performance and maintains long bear- 
tion. Loosen only three screws to ro- ing life Indestructible laminations 


tate conduit base, high-quality silicon steel, 


low velocity air for maximum heat trans- 
are fer. Temperature held to absolute minimum, 


assuring longer insulation life, 





rowding eflect makes th 

ticularly ipplicable to 
medium- power amplifie rs. They ilso 
uitable for such appli ations as com 
puters, switching. and audio 1-1 and 
R-F amplifiers, as well as in oscillators 
The transistor package is designed 
to provide good heat dissipation quali 
lies All three types have a maximun 
collector current of 100 milliamp, and 
a collector dissipation of 500 milliwatts 
When used with clips, or with suitable 
heat sinks, these ratings can be u 

creased 

Ratings for HA5OO] HAS5OO2 ind 
HA5003 respectively are: maximum cur 
How helpful lo a bu CUEINCEE I rent amplification (alpha), 1.0. 0.965 


that sooner-than-expected report and 0.99; maximum  collector-to-base 


} 


: voltage 4). 15. and 20 volts: and col 


We've found the trou We 


lector cut-off current, 5, 12, and 10 
can ship Friday!” or “Um flying microamp Transistor elements are 
housed in a moisture-proof, hermetic 

illy sealed metal package 

customers are used to that he Ip Axial leads facilitate use with printed 


the prints out tonight! Phillips 


circuits and automatic assembly. Also 
ivailable as clip-in sty le package or 
ing skill* and personal attention with three leads for conventional tran 


istor socket mounting. Overall length 
We call it the Phillip Plan 


lo enjoy (including leads): 1.937-in. Transistor 


a unique combination of engines 


that extra service. write us. oO! body dimensions: diam 0.344-1n., lengt! 
0.414-in. Semiconductor Diy Hughes 


ll your local man from Phillip Ainnatetis Caloas Cire. Caltl 
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“FOR EXAMPLI 


Phillips Engineered Relays ALL-ALUMINUM SPOOLS 


ure used by the aircraft Lightweight aluminum alloy wire 


industry in automatic fire pools Series AA, is said to pussess 


high strength-to-weight ratios All 
control equipment, and 
; aluminum construction consists of high 
in propellor synchronizers vield, high impact strength stock for 
for multi-engine planes heads and barrel, and for the end 


washe ts 
Special deep-drawing alloys tacili 

tate manulacture of the spools in two 
0493 TYPE 4 Hermet 
cally-sealed miniature halves. the head pieces being 
relay. Three stud mounting 
maximum 14 pins, solder 
terminals. OD. 1°,°H «x 
Qi Lh a 1 "WwW 


integral 


TYPE 33BQA_ TYPE 
1IBAC all-purpose 
power relay, five pole 
O.D. 24x 2°W x 
2*u°H 


20445 TYPE 270A 
Hermetically-sealed power 
relay, three pole. Four 


stud mounting, O.D. parts of the barrel. The two halves are 
2) "W ae 28 ye'L x 3°%%°H 


jigged and heliare-welded to form the 
equivalent of a single piece barrel and 
overall spool. Standard units are avail 
able in 5 to 40 lb capacities in various 
traverses and head diameters. Standard 


| { 0.632. 3 | 
CONTACT POWER HERMETICALL ATORS arbor sizes Oo We >» Ale 


s15 in. are 
available; other sizes are produced on 
special order 

Concentricity is held to within 0.005 


in. of the spools specifications. Need 
PHILLIPS CONTROL CORPORATION JOLIET, ILLINOIS 


SALES OFFICES: NEW YORK PHILADELPHIA SAN FRANCISCO DENVER 


SANTA MONICA ATLANTA 





coaxial and shielded cable grounding 


completed in 90 seconds with 


HYRINGS 


STRIP shield. Slip outer 


Hyring over insulated 
conductor. Slide inner 
Hyring under shield. 


INSERT ground lead 


under outer Hyring and 
line up over the inner 
Hyring. 


INDENT, assembly with 


single ratchet controlled 
compression stroke. 


COM PLETED assembly, 


with Burndy Hylug attached 
to free end of ground lead. 


rtailea on color-coded 
BURNDY poe write ti a 
Hyring bulletin 


Norwalk, Connect.+ Toronto, Canada + Factories: New York, California, Toronto + Export: Philips Export Company 
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Why leading machine tool 
manufacturer specified 
G-E Flamenol wire 


95-conductor G-E Flamenol control cable simplifies wiring 
of Bullard Cut Master Vertical Turret Lathe Model 75 


Engineers of the Bullard Company, a lead 
ing machine tool manufacturer, selected G-E 
Flamenol* control cables and machine tool 
wiring for this giant vertical turret lathe 
One of the reasons was General Electric’s 
ability to design and supply the variety of 
cables that best fitted their product needs 
like the 95-conductor control cable for the 
Cut Master Vertical Turret Lathe. Other 
points that Bullard engineers found valuable 
were the color coding that simplified circuit 
wiring and tracing, and the easy stripping 
of individual conductors which helped them 
make the hundreds of necessary connections 
and terminations quickly and easily 


Other important advantages of G-E Flam 


THERE’S A COMPREHENSIVE LINE OF G-E WIRES AND CORDS FOR YOUR PRODUCT WIRING REQUIREMENTS. 


G-E CORDS 


enol wiring are its resistance to flame and 
corrosion, high dielectric strength, small 
smooth, hard, surface that 
needs no overall protective finish such as 
braid or lead. Meets Joint Industry Confer 
ence Standards of National Machine Tool 
Builders Association. 


diameter, and its 


CAN G-E WIRES AND CORDS GIVE YOUR PROD- 
UCT EXTRA ADVANTAGES? 


Investigate how G-E wires and 

cords can become an important Ls 
part of your product story. Write 
today for your free copy of 'G-f 
Wires, Cables, and Cords for Prod 
uct Designers.” Address Section ¢ 
W166-122, General Electric Com 


0 
"Ps ~ 
pany, Bridgeport 2, Connecticut - 








General Electric flexible cords 
provide outstanding performance 
and long life in service where re 

sistance to heat, moisture, acid: 

alkalies, water, grease, oil, o1 
similar conditions is imperative 
The product designer will find a 
wide selection available for prac 

tically every type of electrical 
appliance and industrial equip 


| 


ment 
(= 
> -) /h 


wk General Ff 


G-E MAGNET WIRE 


General Electric ha: 


oO oe ' the correct type for 
\ every requirement 
= For Class A Applications 


(Te mperatures up 
to 105 C)—Formex*® syntheti: 
resin film-insulated wire 
For Class B Applications 
turesupto150 C) 
Electric Alkanext magnet wire 
Deltabeston* glass, or asbesto 
insulated type: 

For Class H Applications—( Tempera 
turesupto 180 =? 
Electric glass or asbestos types 





(Tempera 
General 


General 


impregnated with silicone vat 
nishes, and Teflon* film 
insulated magnet wire 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


G-E FIXTURE WIRE 


General Electric fixture wire is 





available with asbestos, silicone 


rubber, or thermoplastic insula 
of 


tion to meet a wide variety 





lighting fixture needs 


Bullard electrician connecting 95-conductor G-E 


cable between the pendant and the primary con 


a 


> 
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BARNES 
CONSTANT-FLO 
GEAR PUMP 


with Special Doerr Motor 


Conventional separate pump and 
motor requires heavy cast base 
plate, flexible coupling and pump 


support bracket. Special Doerr SIMPLIFIED ASSEMBLY 


design, shown at top, reduced ma Permits easy inspection, quick 
terial costs and assembly time replacement of motor or pump 


PRODUCT IMPROVEMENT PLUS MANUFACTURING ECONOMIES 
The John S. Barnes Corp., Rockford, Ill., has achieved both with 
Doerr motors 


Barnes rotary gear pumps now feature a close-coupled Doerr design 
that links the motor directly to the pump. Result: a lighter, smaller 
combination that eliminates shaft alignment troubles, reduces vibra- 
tion, cuts assembly time and costs 


Rated up to 3,000 psi, Barnes ‘“‘pressure packages’’ employ NEMA 42, 
56 and 66 frames ranging from ‘4 to 1% hp. These Doerr motors 
represent custom design at its best, backed by a reliable source of 
supply 


Why not put Doerr’s long experience to work on your design problems? 
Consult Doerr for the economical answer to dependable power—engi- 
neered to fit your needs 


YOU GET MORE WITH DOERR 


Electric motors DOE on . Standard or 


from designed to your 


<ctpammons | Pe Abie) Til 


for after-treatment is said to be elimi 
nated because the basic fabricating 
methods reduce snag-causing surtace 
irregularities to negligible proportions 

The spools are suitable for spooling 
or unspooling any wire from 0.003 to 
0.050 in. Special anti-galvanic or other 
nonreactive finishes can be supplied if 
required. Hubbard Spool Co., King St 
Garrett, Ind 
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50-WATT RHEOSTAT FOR 
CLOSE ADJUSTMENTS AND 
SHOCK RESISTANCE 


Designed specifically for use in elec 
tronic and industrial control equipment 
where severe mechanical shock is en 
countered, 50-watt ring-type rheostat is 
designated Type N152. It is designed 


‘S 
jp % 


to meet requirements of speciheation 
MIL-R-15109 and the HI shock require 
ments of MIL-S-90] 

Construction features include base 
core and collector ring support 
assemblies made of  high-dielectri« 
strength glass-bonded mica. The toroid 
ally core wound resistance wire is 
secured with a silicone compound, sepa 
rating the turns and = protecting the 
wire. Balanced “twin contact” shor 
construction eliminates backlash and 
assures smooth. positive control 

Added features are Class C insula 
tion and “twin contact shoes” designed 
for smooth operation and minimum 
wear on resistance wire. Ratings: 50 
walts continuous duty; standard resis 
tance tolerance 20 10 per cent 
Minimum resistance available is 4 
ohms; maximum, 20,000 ohms Ward 
Leonard Electric Co. 115 S. MacQue- 
ten Pkwy., Mt. Vernon, N. Y. 
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EPOXY INSULATING 
VARNISHES, CASTING 
COMPOUNDS 


Available epoxy insulating varnishes 
and casting molding compounds include 
100 per cent solids compounds supplied 
either in standard two-phase form where 


the activator is added to the epoxy 


JANE ARY 1956 ELECTRICAL MANUFACTURING 





G.E. selects Enjay Butyl for versatile 


indoor-outdoor transformer casing 


The use of Enjay Buty! in General Electric’s molded transformer housing 
solved three particular problems- insulation, support, casing G.E.’s engi 
neers found that Enjay Butyl has low moisture absorption, fine resistance 
to corona and sunlight, and excellent adhesion to copper. In addition 
it has a low power factor and good resistance to impact damage 


In electrical manufacturing and design, Enjay Butyl offers three out 
standing features: excellent electrical properties, low cost, and immediat: 
availability. 


Enjay Butyl may well cut costs and increase the performance of you) K u T ¥ L 


product. Get the facts on this extremely versatile, low-cost rubber. Com 
plete laboratory facilities and technical assistance are at your service 
Cc ar » Fniav C any ay 

ontact the Enjay Company today. Enjay Butyl! is the super durable rubber 
with ouf landing resistance to aging « 


ENJAY COMPANY, INC., 15 West 51st Street, New York 19,N.¥.  @)F#sion + tear + chipping + cracking + 


ozone and corona « chemicals « gase 
District Office: 11 South Portage Path, Akron 3, Ohio heat « cold « sunlight « moisture 


36 SUCCESSFUL YEARS OF LEADERSHIP IN SERVING INDUSTRY 





just before use, or baking compounds 
furnished in a precatalyzed formulation 
ready for use without addition of an 
activator This latter type must be 
baked at temperatures between 200 
and 275 F in order to obtain curing 
The 100 per cent solids casting com 
pounds are available either filled or 
unfilled depending upon the applica- 
tion The room-tem perature-setting 
epoxy compounds have extremely good 
idhesion to almost all types of surfaces 
and will normally set in 2 to 3 hr 
depending upon the mass of compound 
used. Both the air setting and baking 
casting compounds can be furnished in 
special colors. Shelf life of the pre 
catalyzed baking compound is about 6 
months. The George C. Borthing Co., 


East Rutherford, N. J 
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THERMOCOUPLE CONNECTOR 
SYSTEM 


academe Many types of thermos ouple connectors 


=—, used in the laboratory and in a range 
: 5 

aa eas ige de of products can be quickly assembled 

SOLDER _ from the standard interchangeable 

—« parts of new thermocouple connector 


system: either « omponents or ¢ omplete 


assemblies are available from stock 

' Ee IVI ; One-piece plug and jack inserts are 
manufactured in four alloys for various 

types of thermocouples: lron-Constan 


| , . tan (IC); Copper-Constantan (CuC) ; 
5 we: Chromel-Alumel (MA) Platinum 


Platinum-Rhodium (QR) 

Close contact between plug and jack 
is assured by a unique spring device 
which is not aflected by vibration and 
maintains high tension at all times 

It’s good to know vou can habit insisting on constant Lead wire or thermocouple wire (Nos 


WW) to 14) s attached to on te | 
always depend upon Kester solder alloy control and COon- : ' oa - poe y 


I'lux-Core Solder to keep pro- sistent flux formulae. When 
duction rolling. That’s be- | you want dependable solder 


£2 
cause Kester makes soldei and soldering, Kester Solder is 
quality a never-swerving — the right name to remember! 
. . | Sy 
| : , 4 \ 


BE SURE YOU GET Kesters 78-Page In placing it under a large-diameter screw 
formative Textbook “SOLDER Its Fun head that assures good contact and 
italy and Usage avoid concentrated stress in the wire 

Plug inserts ure factory-assembled in 

a one-piece housing and are held rigidly 


in place. Polarity is clearly marked on 


the plastics housing After thermo 
couple wire is attached to connector 
1 one-piece plastics cover is attached 
with two serew 

Jack insert ire issembled as re 
qu red in either a pla tic hou ing simi- 
lar to the plug housing or in a multiple 


connection panel wcommodating five 


cs O M PA NY 4209 Wrightwood Avenue, Chicago 39, Illinois wate of Tents. The panel com be ones 


singly in a standard electrical conduit 
Newark 5, New Jersey * Brantford, Canada box (Type FS or FD), or can be as 
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Mammoth Farnham Milling Machine with 8 beds and car- 


riages in Douglas El Segundo plant . all equipped 
with Allen-Bradley contactors, relays, timers, starters, etc. 


308 FOOT MILLING MACHINE 
--- operated by Allen-Bradley Motor Controls 


When the Farnham Manufacturing Division of The Wiesner-Rapp 
Co., of Buffalo, N.Y. built this impressive, 308 foot milling machine, 
they used Allen-Bradley control components for all 8 carriages. 
Thus, they assured themselves and Douglas of utmost reliability for 
this complex machine tool 
If you manufacture motor-driven machines, don't overlook the 
fact that Allen-Bradley motor controls are a big sales asset to any 
machine. The A-B trademark is a guarantee of trouble free per- 
Solenoid starter Solenoid starter Auxiliary contacts formance ... and is so recognized by machine tool buyers. Did 
Size | Size 3 on starter hood you notice how much in evidence this trademark was at the Chicago 
j Machine Tool Show? 
g Send for the Allen-Bradley Handy Catalog. It is a valuable 
handbook on modern motor control. Write today 


‘ Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 


In Canada—Allen-Bradley Canada Ltd., Galt, Ont. 
Oiltight potenti 


ometer control 


, 
Pendent push 
button control Pneumatic 


automatic timer 


Universal 
4-pole relay 


“ i a 
Oiltight push button Interlocking Oiltight limit - 3 Cc | AL ‘ A N E | & a 


MAIER A 


NO & NC contacts terminal blocks switch—oll types 





ALLEN-BRADLEY 
A-C CONTACTORS 


~ 


2 pole Size 00 3 pole-—-Size | 


10 ampere 25 ampere 


3 pole Size 2 3 pole-—-Size 3 


50 ampere 100 ampere 


3 pole Size 4 


150 ampere 
Dp Ome! 
‘Cuca (ec rat 

: “ 


3 pole Size 5 


300 ampere 


testi 


3 pole—Sizes 6 & 7 
600 & 900 ompere contactors 


250 Hp, Bulletin 746 automatic autotransformer showing Allen-Bradley Size 7 contactors 


A-C and D-C CONTACTORS 
10 to 900 Amperes 
with Double Break, Silver Alloy Contacts 


The only complete line of solenoid contactors on the market. 
Allen-Bradley offers nine sizes...from Size 00 (10 amperes) 
to Size 7 (900 amperes), one to four poles. 

There is no contact maintenance ...no pins, pivots, or 
bearings to give trouble. Just one moving part—the simple 
solenoid plunger. Operating characteristics are consistent 
for all nine sizes. 

Enclosures can be supplied for general purpose, water- 
tight, dust-tight, and explosion-proof service. 

Allen-Bradley controls are an added sales asset to any 
machine. May we send you our catalog? 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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sembled in groups of two or more units 
The special Ident-O disc numbering 
ind alloy symbol system makes it pos 
ible to easily identify each individual 
cireuit by number and type of alloy 
Small aluminum Ident-Os, etched with 
numbers or alloy symbols, are tapped 
ifo recesses on plug jack of panel 
vlien system is assembled 
Standard — thermocouple connector 
parts can be integated in many special 
thermocouple system combinations, as 
hown in illustration. Marlin Manufae 
turing Corp., 12410 Triskett Rd... Cle 
land Il, Ohio 
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3-WIRE DRYER CORD SET 


| L-approved dryer cord set with the 
NEMA “L” shaped blade is designed 
! continuous heas loads. Designated 
Catalog No 734 the set i rated at 


0 amp at 250 volt ind is available 


in lengths up to 48 in. Features inelude 

coded conductors and molded-on 
rubber cap with finger grip for easy 
removal from power outlet Slater Elec 
tric & Manufacturing Co., Inc Oth 
St.. and 37th Ave Woodside 77, N. Y 
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EXTENDED-LIFE 
ELECTROLYTIC CAPACITORS 


Electrolytic capacitors meeting reliabil 
if requirements of telephone systems 
ive now been made available for ele 


trom equipment Ly pe 17D electro 


I\tie capacitors feature turret-terminal 
mounting lugs and a special vent 
ruction molded right into the 
ot the capacitor Th eal } 
eCrimpir i the iluminum ean 
isket The can is covered wit 


let 
osion-re | hig th liating ¢ 


The ‘‘Quality’’ Name for PHENOLIC TUBING 


To make your product better . . . and at lower costs 
specify CLEVELITE! 


High performance factors, uniformity and inherent abil 
ity to hold close tolerances, make Clevelite outstanding 


for coil forms, collars, bushings, spacers and cores. 


Wherever high dielectric strength, low moisture ab 
sorption, mechanical strength and low loss are of prime 
importance . .. the combined electrical and physical prop 
erties of Clevelite are essential 


Fast, dependable deliveries at all times! 


Why pay more? For good quality .. . call CLEVELAND! 


THE 


CLEVELAND CONTAINER \’> 


COMPANY ~ «, 
6201 BARBERTON AVE. CLEVELAND 2, OHIO 
PLANTS AND SALES OFFICES: 
CHICAGO + DETROIT + MEMPHIS + PLYMOUTH, WIS. + OGDENSBURG, N.Y. + JAMESBURG, WJ. + LOS ANGELES 


ABRASIVE DIVISION ot CLEVELAND, OHIO 


Cleveland Container Canada, Lid, Prescott and Terente, Ont 


Representatives: 
WEW YORK AREA: BR. T. MURRAY, 604 CENTRAL AVE. EAST ORANGE, WO) 
NEW ENGLAND R. S. PETTIGREW & CO, 67 LA SALLE RD, WEST HARTFORD, CONN 
CHICAGO AREA PLASTIC TUBING SALES, 5215 M. RAVENSWOOD AVE, CHICACO 
WEST COAST IRV. M. COCHRANE CO., 408 S. ALVARADO ST. LOS ANGELES 





dual, and triple section units are avail- 


able in the series. All are characterized 
by low Mnaksyimnum leakage curren 


excellent life test « ipabilitic 
Klectric Co 307 Marshall St 


“MIGHTY” 
LIGHTWEIGHT 
ANTI VIN Mice user toss sensing sq 


92 in.-lb. De iunated ype SESVA, it 
weighs only 5 lb. The totally enclosed 
osion-proot motor is designed for 

i an ictuator motor oOperatin 

inder severe environmental condition 


Phe new ype SESVA _ operates 


PRESTOLE STAKENUTS 


EASE and SPEED OF ASSEMBLY ... used in high speed assembly 


GREATER STRENGTH and of metal parts and panels 
HOLDING POWER 


) 
Looking jor extra frength and nore de- 
pendado 
a 


@) EDGE FASTENING 


/ j / j 
Hilit in a fastener Jor metal panets 


nd part 


HERE'S THI ANSWER the im 
proved Prestole Stake Nut. Hundreds of 
fast assembly applications that are ub 
jected to heavy ervice and ibration 
uch a iutomotive part ire ideal for 


this Prestole engineered fastener 


to altitude of 50.000 ft. It delivers 2.2 
Hand applied sh aoe 8 . ae a hp intermittently it 4800 rpm Duty 
caivialais ties Gocnnedl extulonn on the tees eyele is on for 15 see, off for 3 min 
leg of the chip Phe unit os ideal tor bDiline . on for 15 ses » min, repeated 
continuousl { lectrical Motor 
le Ml oe Be ae - Inc Aircraft Div box 2058, Terminal 


Annex Lo Angele 4, Calif 
multiple threa ‘ ind panel range 


cation attachment 


md in tinistve 0 et specification +} Circle N 20, Reader Inquiry Service Cards 
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3- AND 4-WAY 
LEVER-OPERATED VALVES 


Rectangular body de 


l-wa 


|) RESTOLE Cnpeation © 


) MIAMI STREET, TOLEDO 5, ‘OHIO 


ne State 


THEM FOR HEAVY-DUTY APPLICATIONS 





for LOW-DISTORTION 
amplification 


of WIDE-BAND 


signals... use [SIE] 


DIRECT-COUPLED 
AMPLIFIERS 


When your signals include frequencies 

from below | cps to above the audio range, 
a true direct-coupled amplifier gives the 
FLATIEST response over the WIDEST 
range with the LOWEST noise 


distortion, and phase shift 


For voltage gain from transducers of all kinds, use the Model D-1 
lt will drive a ‘scope, direct writer, oscillograph, or magnet 


SIE'MODEL D-! 
Direct Coupled Amplifier 


Input Impedance: 10 megohms or open grid 
differential 


Noise: Le than 10 microvolts. wide-band 


« recorder 


Direct Coupled Amplifier 


5 ngle ended or i din pedance S00.000 ohm 


Power Gau 10.000 
Gain: 80,000 * Idb. 0 to 50 k 


‘ { into 100 ohm 
1.000 Idb, O to 120 ke 


onse, O10 20,000 


sKRMSat 250 mil 


' 
I 
Drift: Le than 3 millivolts per hour, referred to input 


Maximum Output Sienal: 80 volts into high impedance 
ma. into 1000 ohms. (Distortion less than 1%) 


Price: $515 
SOUTHWESTERN 
INDUSTRIAL 
ELECTRONICS 
COMPANY 


You can use the D-!I to drive the B the 


rack-mount together perfectly! 


Industrial Instruments Division 


P.O. BOX 13058 * 2831 POST OAK ROAD HOUSTON 19, TEXAS 





is of aluminum, with brass spool, for 
= complete corrosion resistance 
CRY Series valves are designed fo 
coun SWI C air or hydraulie control applications at 


working pressures to 200 psi. In addi 
tion to the hand lever type illustrated 
palm button, foot lever, roller, cam o1 
pilot-operated types are available. Mod 
ernair Corp 00 Preda St Sar 
Leandro, Calif 
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LIGHTWEIGHT PRECISION 
SYNCHROS 


Having a 7 min accuracy, Size 8 syn 
chros are available in the following 
models: transmitters, control transfor 
mers, resolvers, repeaters and differenti 


ils. Use of nickel alloy laminations and 


PAID FOR BY SAVINGS MADE 
ON JUST ] TOOL 


Simply set this Hagen Count Switch to the number of opera- 
tions at which a tool should be changed. The count switch 
trips a switch after a preset number of electrical impulses 

. and thereby shuts down the machine automatically. Tool 


wear never reaches the point where tools must be ground 1s 
down excessively to resharpen. That means increased tool Sure 750" 


life, reduced tooling costs and fewer rejects. Compare the 


savings on just one tool with the cost of this reasonably _ teel bearings makes them 
’ corrosion-resistant Weight is 32 ym 


- 


priced Hagen Count Switch. Chances are, the savings will Maximum overall Jength, 1.24  in.: 


maxi amete 0.756 Cc Tt 
be much greater, man num o imeter 0 in lifter 
Precision Products Co., Inc, Marple at 
Broadway, Clifton Heights, Pa 
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This Hagen Model 70 Count Switch has 72 dial divisions 
72 possible settings. Dials are available with up to 
54,000 counts. Accuracy: 1% of full seale range. Ideal for 
SOFT NONPOROUS RUBBER 

HAS 5 DUROMETER 


feed pumps and metering operations. Send coupon for 


Bulletin 780 or data on the complete line of reset and HARDNESS 


repeating cycle timers and counters, interrupters and con- Having a 5-10 Durometer hardness 


trol bli soft rubber compound D992 can be 
rol @assembpiles, 


MAIL COUPON TODAY! molded to all but the most intricate 


shapes. Properties of the compound 


(unaged) include: tensile strength 
HAGEN MANUFACTURING COMPANY, INC. : a 
Dept. EM-156, Moline, Illinois 200 psi, ¢ longation, 750 per cent; com 


ianen need fron Bulletio ) on Hagen Cou pression set 50 per cent. Tested for 
wees dielectric strength (14-in. thick slab) 
at 10,000 volts the rubber passed 
microamp; at 15,000 volts the insula 
tion breaks down 
Estimated high temperature limit is 
» be 200-250 F. Indicated appli 
include use as a ubstitute in 


uses ind is i vibratior 





WHY USE 1945 SYNCHROS IN 1956 DESIGNS? 


a I 


cat #6 
- PEND, 
i 


Auailable in al Types / ACCURACY 7 MINUTES - 


Primaty Secondary 
impedance impedance Secondary 
Function Type Primaty Excitation Input Input Secondary Primary Secondary Output Primary Impedance Secondary Phase Sensitivity Accuracy 
Number Element Voltage Current Power Open Resistance Element Voltage Open Primary Resistance Stitt mv /deg. Minutes 
400 cy ma (Watts) (Phase) line) Phase) Shorted (line Degrees Ma 


/ 


CGC-8-A-?7 
8A} 


BA 


Also available in 115v 400 cy. primary, 90v secondary Transmitters, C_T.'s, Receivers 


In equipment which must be flown, why load on extra weight? 


LOOK TO 
Clifton'’s new Size 8 Synchros can take the place of larger units at very significant saving in bulk and weight 


¢ ¢ These new Size 8's are now in use in some of the latest and lightest avionic equipment, 


Samples are available from stock, quantities from the production line 


CLIFTON PRECISION PRODUCTS CO. INC. 


FOR SYNCHRO PROGRESS CLIFTON HEIGHTS PENNSYLVANIA 





Try this On 
your recorder! 


Model 745 
4'2'' Semi-Flash 


Famous names choose Burlington 
for consistent quality and prompt 
ervice. Burlington offers the widest 
range of VU meters—from 1!%" to 
4! in a variety of case materials 
ind styles including bakelite, metal, 
hermetically sealed and sealed 
ruggedized. Square, Round 
tectangular and kan-shaped 
Standard meters of every description 


WRITE FOR CATALOGUE WI “If you don't see it isk for it 


cases, ranges, prices 


BURLINGTON INSTRUMENT COMPANY 


125 WN. Third St Burlington, lowa 


i The accuracy, uniformity and toughness 

of Wisconsin Porcelain Co.'s ceramics 

recision gives you a closer fit, speeds assembling 

and reduces production costs. These ad- 

vantages make Wisconsin ceramics 

ma ep especially suited to automatic and semi- 
automatic assembly processes 


. And their superior physical character- 
mstics pive you he st results for permanent 
electrical insulation 

If your components call for porcelain, 
—that help refractory, steatite or filter body parts — 


send us a sample or blueprint and tell us 


to simplify your requirements. We will be glad to 


quote prices and delivery 


your Serving Hlatvcal and 1 


Production WISCONSIN 
Problems PORCELAIN (]) COMPANY 


115 Market St. 
Sun Prairie, Wisconsin 


dampener, among others. The material 
is said to be too soft to be used in 
extruded parts. Roth Rubber Co., 
1854-1866 South 54 Ave Chicago 50 
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HIGH TEMPERATURE 400- 
CYCLE SERVO MOTOR 


Three-oz servo motor, measuring 146 
in. in diam, is designed for a minimum 
life of 1000 hr of continuous operation 


it an ambient temperature of 150 ¢ 


Karly lest mdicale in ¢ K pected life ol 
00 hr continuous operation at an an 
hient temperature of 180 ¢ 

Designated Py ye we the motor | 
iseful in high peed iireralt ind 
nissile equipment where external cool 
ing is not practi il. No load speed ! 
72000 rpm maximum power output 
0.6 watt: and rotor inertia, 1.2 gm-cm 
Servomechanisms In Component 


Div., 625 Main St., Westbury, N.Y 
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MINIATURE UNIVERSAL 
JOINT 


Designed primarily for use in instru 
mentation or other equipment operat 
mg at low mechanical power level 
miniature ball-borne universal joint, the 
Mini-Joint, permits flexible design it 
olid halt connection Applic illo i 


BAS 


io ee 2 


clude use with mall ynehros 
olvet ubfractional horsepower 
tors, mechanical indicator repeater 
potentiometers pliase shifters and 
lar device 

Joints pivet on preloaded bearing 
surfaces which are ground and lapped 
balls giving continuous contact, witl 
zero backlash and low friction. Joint 


ire made of high tensile strength steel 





REDESIGN TO SAVE 
TIME AND MATERIAL 


Examine the designs of all of your prod- 


ucts and machines. No doubt you can use 


retaining rings on axles and in housings 


not only to save assembly time, but to save 


weight, parts and space. 


Many manufacturers have not only in- 
creased their profits but have also im- 


proved their products by using these high- 


an electronic coupling 


grade rings, fabricated in various metals. 
Their uses are varied-—-ranging from 
heavy-duty engines and drill presses to 
toys, gadgets and small parts of articles 


made of metal, wood or plaster. 


Don't pass up opportunities to increase 
your profits; let our engineers consult 


with you. 


THE NATIONAL LOCK WASHER CO. 


NEWARK 5, NEW JERSEY 


MILWAUKEE 2, WISCONSIN 





alloy. They may be heat-treated, or sup 
% plied in stainless steel on order. Shafts 
; to be connected are inserted into hub 


Here’s the newest addition to the holes of the joint. Maximum operating 
i . eitig = angle 30 deg from co-linear position 
Scruggs line of ‘‘tailored’”’ motors. 


: : Faleon Machine & Tool Co., 209 Cor 
It’s a 2-pole shaded pole induction cord Turnpike, Cambridge 40, Mass 
motor coupled to a powerful sub- Circle No. 25, Reader Inquiry Service Card 


. . preceding bock cover 
fractional horsepower speed re- 

i 
ducer, in one compact unit. The 


basic motor, with output speeds THROUGH-BROACHED 
to fit your specifications, is sup- SOCKET SCREW 


plied for ] 15 volts, 60 cycle power Socket set screw with the socket ex 
supply ... or specially wound for tending the full length of the screw, i 


other voltages and frequencies. It now available in a range of sizes from 
can also be furnished without the No. 4 wire size to | in, diam in suitable 


s ‘ - lengths, and in either the hex or Mul 
gear housing. Send us your specs 
; le ‘ tiple Spline socket Phe through 
. Without obligation a Scruggs 
motor will be designed to fit them 
Write Loyd Scruggs Co., Festus, 
Missouri 


broached socket is) symmetrical: the 
screw can thus be wrenched from eithe: 
end. No grinding or modifications are 
necessary for use in power screwdrivers 

Holding power ol the new screw is 
said to be equal to that of conventional 
socket set screws they can be used 
either as set screws or as locking rings 
The Bristol Co Socket Screw Diy 
Plates Bridge and Naugatuck Rd 
Waterbury 20. Conn 
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Scruggs MODEL 1050 features: 
SERVO AMPLIFIER 


6 LARGE OIL RESERVOIRS for long life Servo reluctance-type amplifier accepts 
two a-c inputs and one d-c input in an 
t FAN for cool operation combination. With instantaneous — re 
sponse (time lag is te vligible compared 
OF MOLDED NYLON GEARS for quiet operation to 1 cycle of supply frequency), the 
amplifier produces proportional and 


(3) VACUUM IMPREGNATED COIL for operation under reversible power output for most 11 


olt 400-cyele servo motors rated at 18 
maximum temperature and humidity conditions ; ee . 


You can stake your reputation on SCRUGGS MOTORS 


wig out Crigq~<© COMPANY 


FESTUS, MISSOURI 


MANUFACTURERS OF PRECISION INSTRUMENTS SINCE 1934 
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STRONGER! 


Alumina ceramics with higher tensile and 
strengths. Permanent bonding. New glaze with supe 
surface resistivity Rugged. Greater resistance to wear, 


chipping and breakage. Exceed MIL-T-27A torque re- 
quirements. 


HIGHER TEMPERATURES! 


New, superior metalizing techniques. Pace-setting 
AlSiMag Alumina ceramics. Greatly extended operating 
temperature range. Readily attached with hard solder 


Permit designing to higher temperatures 


GREATER THERMAL SHOCK RESISTANCE: 


Retain their excellent electrical and mechanical charac- 


CUSTOM ITEMS 
in High Ten 
perature Me 


teristics and deliver outstanding performance through- 


vith High Tem- 


out their wider operating temperature range 


luced by the 


same highly il applications, 


a wide cho eramics in ap- 


propriate de: f 1 parts for low 


temperature supplied, Send 


blueprint or 


WRITE FOR FRET ETIN JLLY DESCRIBING 
STANDAT R | HOWN ABOVE 


AMERICAN LAVA 
CORPORATION 


S4TH YEAR = CHATTANOOGA 5, TENNESSEE 


OF CERAN 


A Subsidiary of 
LEADER 


ng and Manufacturing Company 

Branch offic: ee your local telephone directory 

NA ° © Dallas-H ton, Tex . fianapolis 

° FF deiphis, Fa Lou 

yracuse, N. ¥. © Tulsa kle. Canada 

Minnesota Mining & Mig, of Canada, Ltd 

All other export: Minnesota Mining & Mig 
99 Park Ave., New York, N.Y 





watts or less. Operating directly from 
the power line, total power consumption 
is low for small input signals; less than 
half plate dissipation is required at no 
load. Featuring a built-in power supply 
and built-in preamplifier, the amplifier 
is compact; factor of output vs weight 
is over 5 watts per Ib 
Unit has no tuned elements; supply 
voltage variations affect peak power 
« O ' output correspondingly, but with Littl 
3 effect on amplifier gain. Servo Corpora 
tion of America, 20-20 Jericho Turn 
j pike, New Hyde Park, L. 1., New York 
’ Metal and Circle No. 27, Reader Inquiry Service Cards 
Midget 


Recel Plastic Eorset Midget Rotors preceding back cover 
eceivers 


Magnetic and 
Dynamic 


POWER SUPPLY PLUG 


Kemale-type plug, No. F-1018, is espe 


new evidence of 


\ J cially designed for power supply cords 


\ on business machines, movie projectors 
os electric typewriters, and similar equip- 
ment. Circular receptacles’of the plug 

on are factory-molded to the plug head 
{J 


Boom -Type 
Head Set 


Versatile Twinset 
CAA Approved 


“leadership 


OV ,Ow your complete source of 


—. 


RELIABLE AND MINIATURIZED and to the power supply cond, forming 


a trouble-free one-unit assembly. The 
TV Listener COMPONENT PARTS New Speaker- custom-engineered plugs are molded 
Microphone of polyvinyl chloride in a wide selec 

Long famous for its success in mini- Combination tion of pastel colors to harmonize with 
aturizing parts, today Telex offers that of machine or appliance. Phalo 
you an even more complete mini- Plastics Corp., Commercial & Foster 
aturization and design service than Sts., Worcester, Mass. 
ever before Latest developments Circle No. 28, Reader Inquiry Service Cards 
nade by its expert staff may be the PRESENG BES Syne 

Lightweight quick answer to some of your tough- 

Dynaset est design and supply problems. 


Write today for complete informa- The Outstanding MINIATURE RESISTORS 
tion on Telex facilities and service. Monoset FOR PRINTED CIRCUITS 


Precision wirewound miniature resis 


c tors engineered for use with printed 
ELEX inc i : iz circuits are single ended units made for 


easy rapid mounting on printed cit 


aay Electro-Acoustic Division cuit panels; no support other than the 
New ' New Miniature wire leads are needed De signated 
Sub-miniature Telex Park * St. Paul 1, Minnesota Decade 


facturer of the World’s Finest Resistance 
Jack and Plug : esis Wiocinnde ttement” operated at full rated load in ambient 


ly pe P, the resistors can be safely 


Assemblies 


Just Developed 
Tele-set 
Special design Headset 


Knobs ond Caps Printed Circuits 


temperature up to 125 ¢ They are 
made with high temperature epoxy 
resins and resistance wire with special 
high temperature insulation. Available 
sizes are rated from ‘40 up to 1 watt 

The complete line of 6 sizes ranges 
from )4 in. diam and in. long to “S in 


diam x i in. long, with resistance 


FLECTRICA 





FROM ELECTRIC FURNACE TO ELECTRIC INDUSTRY 


PRODUCTS OF NEWPORT STEEL 


Cold-Rolled Sheets 
Hot-Rolled Steel in Coil 
Hot-Rolled Pickled Steel in Coil 
Hot-Rolled Sheets 
Hot-Rolled Pickled Sheets 
Galvanized Sheets 
Galvannealed Sheets 
Colorbond Sheets 
Electrical Sheets 
Alloy Sheets and Plates 
Electric Weld Line Pipe 
Roofing and Siding 


Eave Trough and Conductor Pipe 
Culverts 


ECONOMICAL WATERAIL-TRUCK DELIVERY 


| ERMciiekea ate) equipment represent another 
of the many industries which make Newport Steel their 
regular source of supply. The confidence of these out- 
standing manufacturers is based upon Newport's ability 
to deliver qualities and quantities of steel to precise 
specification. For Newport has the facilities, personnel, 
experience and strategic location to meet the most 


exacting demands for the products listed at the right. 


w CORPORATION 


. , NEWPORT, KENTUCKY 


WHERE THIS FLAG FLie6 A SUBGBGIDIARY OF 





Mr. Design Engineer: 
This is your 


GUARANTEED FOR AC-DC APPLICATION 
and: 
Extra long life 
No false contacts 


Tamper proof 


Low cost timer 


See telephone directory for 


local distributor, or write 


i tor B t ) 


DURAKOOL, INC. 
ELKHART, INDIANA, U.S.A 
700 Weston Rd., Toronto 9, Canada 


WTR Cys 


ALL-STEEL MERCURY 


7émert- 


ilues from 0.40 megohm for the small 
est size up to 3 megohme for the largest 
init. Tolerances range from 1 to 0.05 
per cent ly pe ? resistors are said to 
meet all applicable test requirements 
of MIL-R-93A, Amendment No. 3. Re 

lance Product Co 914 5S 13 St 
Harrisburg. Pa 

( 
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AIR CONDITIONER 
CAPACITOR 


Drawn oval air-conditioner 1 inning ca 


pacitor ie designed to help meet 
{ nderwrites Labor iter requirements 
conditioner mandatory 
ipacitor ire 6 


ool Ohne previous max 


the same base di 
ion x 2 in 
mproved methods of cold drawing 
teel cases and better control of 
he wider foil and paper rolls make 
her ratings possible 
lhe capacitors can be supplied with 
ratin up to 15 mf at 440 volt a- 
ml at 350 volt and 23 mf at 330 
oll Miaximum rating in the present 
horter case ire 12 7 ind 20 mf 
hoor thre ime voltage General Electric 


1 River Rd... Sehenectady 5. N.Y 
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FAST-DRYING COATINGS AND 
ADHESIVES WITH HIGH 
BONDING STRENGTH 


nig industrial coating ind 
with vood bonding strength 
will not honk or embritthe ite 
iow available in custom formulation 
I hie eoatin ind adhesives are olvent 
cleuse nthetic resin formulations that 
hrink or embritthe under 
condition Chemicall inert 
formulation will ol Cause riist 
Ceertemsion 
lhe new cement | odes i 


hard film b It no baking o1 
italysts are reeden Drying rate « 


cures 


controller on few econds 
glossy film 
new cements al 
turers require 
trical components 


rable opacities ind 


Hevi Duty Transformers 
are backed by complete 
engineering service 


Ace Central States Machine Tool Company, De 
troit, uses a Hevi Duty Transformer on this 
control panel, designed and built for one of 
America's best known companies. They chose this 
transformer because its electrical characteristics 
cre right and its compact size and neatness com 
pliment the over-all appearance of high quality 
A 
Hevi Duty Engineering service goes 
far beyond recommending a suitable 
transformer. If none of the units in 
their broad line is exactly right, ex 

perienced engineers will develop one 
that meets your requirements in ey 

ery detail. Further, they are geared 
to swing quickly from specialized de 


velopment to full-scale production 


This combination of a broad 
standard line, complete engineering 
service plus the ability to go into 
production quickly has proved valu 
able to many Hevi Duty customer 
We invite you to take advantage of 
this service 


Write for Bulletin HD-499 for de 
tails on standard Hevi Duty Trans 
formers from 2 VA to 2,000 KVA or 
describe your special requirements 


HEVI DUTY 
ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN 


Heat Treating Furnaces 
Dry Type Transformers 
Constant Current Regulators 


electric exclusively 





No. 175 High Altitude Pump Drive 


small special service AC MOTORS .. - 


Since 1906 Hertner motors have been first choice wherever top quality 


and precision engineering are basic design requirements. Great 
flexibility within Hertner's eight basic frame diameters is utilized to produce 


such types as precision servo motors, light weight blower motors, pump 


and antenna drives, induction or synchronous motors. Motors are 
totally enclosed high shock resistant meet high temperature 
requirements and feature special corrosion resistant finishes 


Strict military requirements are consistently met 


WRITE FOR BULLETIN 502 R12 


THE HERTNER EL 


59 Electronic Chas 


Aircratt Heat Exchanger 


ECTRIC COMPANY 


SMALL MOTOR DIVISION 
12690 ELMWOOD AVENUE CLEVELAND 11, OHIO. USA 


M R- GENERATORS 


Western Area Rep 

PACIFIC SCIENTIFIC COMPANY 

Los Angeles — Seattle — San Diego 
Son Francisco — Portland — Arlington 


A SUBSIDIARY OF GENERAL 
PRECISION EQUIPMENT CORPORATION 


ont 


Eastern Area Rep 
® B. BARNHILL & ASSOCIATES 


Baltimore Camden 





iniature Relays 
designed with 
all the features 
of our DC relays 


Now, in proven production, Union AC 
relay with self-contained rectifier has 
retained all the best operating charac 
teristics of the type M DC miniature 
relay. All parts are precision made 
assembly is quality controlled. The re 
lay is hermetically sealed and meets or 
exceeds all requirements of Mil-R-5757 
Note these important features: 


NYLON ENCLOSED SELENIUM RECTIFIER of our 
own manulacture assures highest reliability 
operation in 115 volt, 60-400 cycle airborne circuits. Tem 
perature range—55 C. to 65 C. 


GOLD ALLOY OR PALLADIUM CONTACTS cleaned 
and polished by @ special process, assure @ degree of 
contact reliability unsurpassed in this field. Relay ts especially 
fitted for dry-circuitry applications 


permits 


HIGH VIBRATION AND SHOCK RESISTANCE. 
Withstands vibration up to 1,000 cycles at 15 G's and 
shock in excess of 50 G's. 


HIGH LIFE EXPECTANCY. Tested through 1,000,000 


operations. 


SMALL SIZE, LIGHTWEIGHT. Measures only %” higher 
and weighs approximately 5 oz. All other construction fea 
tures are the same as the DC relay 


TYPES AND MOUNTINGS. Available in either 6 POT or 
4 POT models, plug-in or solder-lug connections and all 
the usual mountings. 


For complete information or test sam- 
ples, call our nearest sales representa 
tive listed below or write to our home 
office 


GENERAL APPARATUS SALES 


UNION SWITCH & SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY 


PITTSBURGH 18 ey PENNSYLVANIA 


NEW YORK, IVanhoe 3-2424 (Hempstead) 
ST. LOUIS, Jefferson 5-7300 * 


BALTIMORE, VAlley 5-343) * 
LONDON, OHIO, London 1555 


* BOSTON (Ashland) TRinity 2-4485 
CHICAGO, LOngbeach 1-3042 
LOS ANGELES, VAndyke 8731 


drying rates permit application by all 


standard methods including brushing 
dipping, squeeze bottles and air press 
ure extrusion or spraying 

Opaque nonstriping coating ind 
coloring compounds for electrical com 
ponents are also now ivailable for 
color coding in colors 
RETMA 
1471 N 
Ind 
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recommended by 
Merad Laboratories Inc 
Cornell Ave 


Indianapolis 


MECHANICAL SEALS FOR 
PROCESS PUMPS 


A one-piece assembly, mechanical seal 


designed for use on process pumps 
features a collet-type drive, accessible 


external lock and drive; and circulating 


All sealing faces 


ill high pressure 


connections in glands 
are precision lapped 
seals are pressure balanced. The seals 
ire pre-set at the factory; no measure 
ments or adjustments required. The 


Garlock Packing Co.,, Palmyra, N. Y 
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APPLIANCE ROTARY SWITCH 


Enclosed nozzle-mounted rotary switch 
for electric fans and other small appli 
ances has a pressure lock feature that 
simplifies wiring connections. The pre 
pared ends of the conductors are simply 


inserted in the openings of the switch 


News 


housing and are automatically locked 


in place. Flexibility of application is 


furthered by having either 2 
positions available in a 
measuring 1'4 in. x 1'4 in. x 

The switch is available with snap-in 
plastics handles in a variety of colors 


JANUAIT 





if desired, metal shafts can be provided 
to take specific handles furnished by 
the manufacture: \ 


splash 


special 
proof base is available for use under 
idverse weather conditions 

Superior dentent action which allows 
positive positioning of the cam and a 
choice of either pressure lock or solder 
idditional 
which is UI 


rating of 6 amp, 125 


lugs as terminations § are 
features of the switch 
ipproved at a 
Accessory Equipment 
General Electric Co., 


Conn 


volts i-( only 


Dept., Bridgeport 
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WIRE GUIDE 


Useful in machinery wiring, new wire 
guides help prevent 


and let 


kinking of wire 
several conductors slide into 
the conduit smoothly lempered steel 
spring forms smooth bend for wire to 
follow. The knurled aluminum fitting 


ean be used with all types and _ sizes 


of boxes, in any position, with plaster 


rings on or off. Positioned by a few 
turns of the 
threads of the 


not slip off 


threaded fitting onto the 
conduit, the guide will 
hardest pull 
it can be removed with a single twist 

Wire guides are 
, in., | in. and 1'4 in 
L008 


under the 


available ith » on 
Ideal 
Pla ‘ 


diam 
Industries Inc Park 


sycamore, Il 
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ENCAPSULATING RESIN FOR 
MILITARY REQUIREMENTS 


Epoxide-polyamide compound which 
may be varied in the curing and mixing 
mechanical and 


evcles according lo 


electrical designated 


ADCeal 


commercial and military 


requirements, 18 
It is said to successfully meet 
requirements 
for thermal and mechanical shock; ac 


cording to Mil 


requirements of Grade | 


[-27 Findings it passed 
Class A on 


moisture, temperature, and immersion 


tests: may be used in Class B range 
105-130 ¢ 
Sper ifications include sper ite 


1.05 thermal conductivity ap 


Specially designed 
SELENIUM RECTIFIER 


fitted to your application 


Our Engineers 


The first metallic rectifier was devel 
oped by Union Switch & Signal engi 
Since then, they 
have built up an extensive experience 
in rectifier applications that can be of 
tremendous value to you 


neers back in 1916 


It’s possible that you are working in 
rectifier problems that have already 
been solved in our research laboratories 
The selenium rectifiers we show here 
are just a few of the many varieties that 
we are now producing. 

Standard UNION selenium rectifier 


Can Help You 


cells pencil type 
ye" to Vy" 

10.0 milliamperes per cell and stack 
type 1” x 1” to 5” x 6” rated from .180 to 


10.0 amperes per cell in a single-phase 


range in size from 


diameter rated from 2.5 to 


full-wave bridge basis. Special combina 
tions can be made to fit practically any 
current and voltage conversion require 
ments in various housings or shapes 

Why not tell us what you need, and 
our sales engineers will help you de 
termine the best rectifier for your ap 
plication 


GENERAL APPARATUS SALES 


UNION SWITCH & SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY 


PITTSBURGH 18 PENNSYLVANIA 


NEW YORK, IVanhoe 3-2424 (Hempstead) * BOSTON (Ashland) TRinity 2-4485 
BALTIMORE, VAlley 5-3431 * ST. LOUIS, JEfferson 5-7300 * CHICAGO, LOngbeach 1-3042 
LONDON, OHIO, LOndon 1555 * LOS ANGELES, Clinton 6-2255 





with A 1 
RACK & PANEL CO 


RELIABILITY in computer programs is first at , 


tained through the use of top quality compo 
nents. And the finest rack and panel connec- 
tors for subassembly plug-ins are made by 
AMPHENOL. Check these types and features! 


BLUE RIBBONS. For quick, positive connect 
disconnect there are no finer connectors 
than AMPHENOL Blue Ribbons. The self-wip- 
ing, self-cleaning “ribbon” type contacts 
work smoothly and efficiently. The tough 
dially! phthalate dielectric combines high 
electrical quality with high impact strength 
In 8, 16, 24 and 32 contacts. With or without 
shells and latch-lock fittings 


PRINCIR. These new printed circuit conne 
tors have as a design basis a contact with 
exe eptionally long spring base and a circle- 
lip for good wiping action. Because of this 
contacts can't be “set” and provide extreme- 
ly long life. Available with 6, 10, 15, 18 and 
22 contacts. Diallyl phthalate dielectric; 
gold-plated contacts 


PIN & SOCKET TYPES. Three connector design: 


are available in this versatile wroup hex 
miniatures, rectangular miniatures and stan- 
dard rectangulars. With a wide choice of 
contact arrangements and accessory hard- 
ware they provide dependable service in 
hundreds of computer applications 


\ 


a 1a (5 | 


nye AMERICAN PHENOLIC CORPORATION - 


AMPHENOL CANADA LIMITED 


cKieago 50, illinois 


toronto @, ontario 


proximately 3 x 10-4 cal/sec/em-/deg 
C/em; and dielectric strength, 600 


| volts per mil. Adhesion is said to be 


outstanding on most clean surfaces. 
Audio Development Co., 2833 Thir- 


| teenth Ave.. S, Minneapolis. Minn 
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CENTRIFUGAL BLOWER FOR 
ELECTRONIC EQUIPMENT 


Radial wheel centrifugal blower, Model 
R Type 3501, is recommended for use 


» | in applications requiring high pressure- 


to-volume cooling performance. The 
small blower is particularly suitable 
for operation at the high shaftspeeds 


obtainable with 400-eyele power sup 
plies. Allivar motors are incorporated 
for constant cooling efheiency in air 
borne applications. 

Weighing approximately 3 Ib. the 
unit is capable of moving 25 efm at 
7.5 in, we at 11,000 rpm. Operation is 
possible on single or three-phase. 60 
eps and 400 cps. Rotron Manufacturing 
Co., 79 Schoonmaker Place, Woodstock 
N. Y 
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MECHANICAL OVERLOAD 
PROTECTOR 


Overload protector for use with take 
off drives. called Type 5S, has a hub 
on one side for double setserew con 
nection to the drive shaft, and a shaft 
extension mounted in a needle bearing 
on the other side for mounting pulley 
sprocket, gear, or flexible coupling 
Components of the overload protector 


are rustproofed with internal parts 


A 
= 
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Magnets for rotors or stators 
...any design or size you may require. 


The use of Alnico permanent magnets in rotor and stator assemblies 


“MAGNETIC MATERIALS CATALOG”’ 


Write for your copy 


Contains handy data on various types of 
Alnico Magnets, partial lists of stock 
items, and information on other perma 
nent magnet materials. Also includes 
valuable technical data on Arnold tape 
wound cores, powder cores, and types 
“C” and “E” split cores in various tape 
gauges and core sizes. 


ADDRESS DEPT. EM-61 


VICE CARDS, PRECEDING BACK COVER 


oft motors, generators, mMapgnetoes and tachometers has revolu 
tionized the designs of these devices. Whatever your need may be 

from a tiny rotor for a timing device to a large slab for powel 
generators—Arnold can take care of your requirements, either for 


ex perimé ntal sample $s or production quantities 
@ Letus work with you. You will have the advantage of working with 
a leading producer of rotor magnets, whose manufacturing and 
testing facilities—the most modern in the business 


vive you the 


best assurance of high quality standards and uniform performance 


THE ARNOLD ENGINEERING (SOMPANY 


SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 
General Office & Plant: Marengo, Illinois 
DISTRICT SALES OFFICES . . . New York: 350 Fifth Ave. 

Los Angeles: 3450 Wilshire Blvd. Boston: 200 Berkeley St. 
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another filter problem solved... 


ea ee lea 
mea am al tL 
SU |e 


3 


Cahltornia designed 
fully met all of the 
iwh as 60.000 feet 
bient te ) i ( a Tu , 1 y to withstand con 
tinued starting It had to be of 


intvNumM size an wl splosior 


! nterlerence-iree in 
with I-OISIB. Althoug ‘ | ) tor met its per 


Wp ; filter originally designed and 
built © th rT ‘ ‘ i \ t re imrush condition 
ubjectut t t yt e tin neplat ted irrent thirty times 


t minute 


APPROACH: Hoe brought the problem of replacing the 
quate filler to the Sprague lectric Company Radio Noise Sup 
pression Laboratories in Los Ang They required a amp, 250°! 
hiiter electrically matched to the motor and able to fit the same space as 
the orginal 45 amp filter, This design parameter was necessary for the 


ontinued use of other standard Hoover parts in production to meet 


crash IVErKK ind to permit mechanical and electrical interchange 


ability with parts used previously in the field 


SOLUTION: Sprague Engineers made radio interference measurements to 
MIL.-I-61 ‘ custom desis d a filter electrically matched to the 
Hoover pump motor. This new 75 amp, 250°F filter fits in exactly the 
ame space as the old one, is completely interchangeable with it, and fully 


conforms to the military specification 


PRODUCTION SCHEDULES for thi id many other custom designed 


and standard filters are regularly met by Sprague plants on both coasts 
Write, wire, or phone Sprague Electric Company, 12870 Panama Street 
Los Angeles 66, California (TExas 0-7531) or North Adams, Massa- 


chusetts (MOhawk 3-S311) 


, Sprague on request 

YOU CAN DEPEND ON will provide you 
with complete ap 
plication engineer 
ing service for 
optimum results in 

ce LARGEST APACIT 


R MANUFACTURER the use OF radio 


Nome Hiel 


heat-treated as well. The overload pro- 
tector is a self-contained unit that is 
installed between a driving and a driven 
mechanism which releases itself when 
an overload or jamming occurs and 
itself automatically when the 
overload or jam is removed 

lype S models are now available for 
10, 15, 20, 30, 40, and 60 in.-lb torque 
rating and can be supplied with a 
variety of bore size Useful on all 
device is 


machinery, the particularly 


suited for packaging equipment, screw 
feeds, mixers and other units vulnerable 


Machine 
Franklin Ave 


to jamming and overloading 
Accessories f | ist 
Minneapolis 4, Minn 
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SUBMINIATURE THERMAL 
TIME DELAY RELAY 


Having a height when seated of less 
than | in., subminiature Shorty relay is 
suitable for guided missiles 
Delay 


to o min 


and pi inted 


circuits range extends from | 
Power drain is approxi 


mately 4 watt Kelays can operate on 


| 


d-c or a-c of any frequency, and are 
insulated for test voltages of 1000-volts 
a-c (1250 volts a-c on special order ) 

Contacts rated at 6 amp 115 volts a- 
non-inductive load; 3 amp d-c SPST 
only. Hermetically sealed, the relay is 
fully compensated for ambient temper 
atures from 60 to 85 C (up to 125 
C if required). The unit will withstand 
vibrations of from 5 to 500 cps at ac 
celerations of 10 g; shock, up to 50 g. 
Faleon Electronics Corp., 308 William 
St.. Harrison, N. J. 
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QUARTZ CRYSTAL FILTERS 


New techniques for the synthesis of 
quartz crystal filters is said to resolve 
many of the problems associated with 
their design and production, 
Applications include carrier commu 
telemete ring channel 


nication systems 


filters high selectivity amplifiers 
noise and sound analyzers: and har 
monic selection 

Quartz crystal filters can be realized 
to any frequency from 10 ke to 10 me 


Throughout this range the attenuation 
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Type “‘DIE’ Motor (Not Fan-Cooled) 


When you buy or specify motors for fans, blowers, unit 


heaters, air conditioners, cooling towers or dehumidifying 


systems don't overlook these two new standard or custom 
designed Diehl Totally-Enclosed Motors 


Smaller in size, lighter in weight, precision-engineered and 
precision-built to new NEMA standards, they are ideally 
suited to “air-over-motor” applications where moisture, 
fumes, dust and other airborne particles 

are a problem...a field in which 


Diehl has long been a leader. 


Type “DIF” Motor (Fan-Cooled) 
DIEHL MANUFACTURING COMPANY 
Electrical Division of THE SINGER MANUFACTURING COMPANY 
Finderne Plant, SOMERVILLE, N. J 
Please send me the following bulletins 
New Type 'D’ Motor Bulletin No, EM-3304 
Consolidated Catalog & Price List No. £M.3310 
Nome 
Company 


Street 


City 


State 


INTEGRAL AND FRACTIONAL HORSEPOWER MOTORS ARE AVAILABLE IN A WIDE RANGE OF TYPES AND SIZES 
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AUTOMATION 


the Nickeloid Way 


4S 
3 out of 5 


manufacturing 
steps entirely 
eliminated 


more than a metal 


it's a method! 


Even before they arrive at your plant Nickeloid PRE-Plated Metals are OO 
through your production process. No cleaning plating or polishing ... that’s 
been done for you—expertl, uniformly, accurately. You just fabricate: then 
uene rabole . hy pass 


Sout ofS basic production steps. Reduce costs up to 2095 
d 


eve time and lower investment in inventory and equipment, 


Specify Nickeloid PRE-Plated Metals, in durable uniform finishes of chrome, 


nickel, copper or brass on base metals of steel, zine copper brass or aluminum. 


SHEETS e COILS ce STRIPS 


tf var ‘ of finial and patternas 


SEND FOR FREE SAMPLER-SELECTOR 
lide-chart form, give mweihea 
and typical uses of Nick seta 
amples, Request yours on 


SINCE 1898 


ny letterhead 
Sales offic es in most prima ipal cities 


AMERICAN NICKELOID COMPANY 


Peru 3, ttinois Mills: Peru, til Walnutport, Pa 


characteristic can be tailored to meet 


almost any desired specification within 
the bandwidth limits from 0.01 to 14 
per cent of center trequency kor ap 
plications where absence of phase dis 
tortion is essential, erystal filters car 
be designed with a high degres 

phase linearity. Hycon Eastern, In 
75 Cambridge Pkwy... Cambridge 42 


Mass 
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SMALL RELAY SWITCHES 
HEAVY CURRENT 


Switching of heavy current in small 
space Is achieved by Class 11D minia 
ture relay hie specially designed 
single = pole ingle throw normall 


open, double break contacts are said to 


-witeh up to 1) mp nonimductive load 
Available for d- 


volts, the relay is 154 in. long, 2% in 


operation up to bov 


wide, and 146 in. high. Minimum coil 
operating power watt Magne i 
Klectric (Lo I352 W (,rand \ve 
Chicago 51, Ill 
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MINIATURE SOLENOID 
DELIVERS HIGH 
ACTUATING FORCE 


Delivering high actuating force at short 
troke and low voltage, solenoid is just 
144 in. high (including threaded cor 

nection) and %4 in. in diam. Its com 
pact size and lightweight make it suit 
able for computers, memory units 
gvVros, indicators, and in other electroni 
systems. Designated Model SD328, the 
miniature solenoid delivers 4.5 lb at 
0.020 in. stroke at 18 volts d-c and 6.5 


JANUARY 1956 ELECTKHI: 
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and materials with performance 
requirements. C/R’s expertly 
staffed engineering groups work 





: ing in close cooperation with 


the material labs have done it 









for others . . . and can do it 
for vou 





a 
















MATERIALS ... Pioneer 
in the development of Sirvis 





(mechanical leather) and 
Sirvene (synthetic rubber) parts 
for oil seals and other mechani 






cal applications C/R will « 
, 
ey tom-develop materials for yout 


special needs in our syntheti 






rubber or leather laboratori 


PRODUCT TESTING 
Many products, new and 


present need extensive check 


ing ( kk testing lab olten 

























HELP YOU ENGINEER YOUR PRODUCT, 
ELIMINATE TOUGH TROUBLE SPOTS 
AND SAVE YOU MONEY IN FLUID 
SEALING AND RELATED FIELDS 





















work many months to verify di 






signs, eliminate trouble, This is 


standard procedure on all C/R 










i ! ’ 
Developing a new product or rectifying trouble in stock products essential in 






developing yours 
a present one? Why not supplem«e nt your own I 


engineering facilities with C/R Cooperative 
TROUBLE SHOOTING 


Research In the areas related to oil seal design, 
Auto and heavy equipment 


lubricant, chemical, gas, or air retention, and makers, as wellas manufacturers 


foreign matter exclusion—as well as in_ the in most fields you can think of 


| have solved diflicult sealing and 
development of synthetic rubber and impreg- related problen i the hel 
t < ft TOUT is W i if ip) 


of C/R ¢ ooperative Research 


You can, too and save lithe, 


nated mechanical leather parts—Chicago Raw 





hide’s developmental facilities are the most ex- 
trouble and money 





tensive in the country. 


All of them are at your service .. . for help 







PRODUCTION ° SI 
plants, operating as extension 
of C/R ¢ ooperative Research 


with your critical or unusual problems. You may 







be sure that your design specifications, perfor- 





mance requirements, and production controls will provide laboratory-like quality 








be met to the letter. A few of the many ways in control, timed to your needs 





. ‘ (//R Sales Engineering follows 
which C/R Cooperative Research serves other 







through to coordinate and a 
leading manufacturers are pointed out on this 


. page. We'll be glad to help you. 


ure satisfaction 















EXPERIENCE Broadest 
































INFORMATION . . . Comprehensive in the field. Proof? More auto 
brochures and catalogs are available to give mobile farm equipme nt and 
you the complete scope of CR products and industrial machine rel on 
services. Write for your copies, and please C/R Ojil Seals than on an 
indicate your area of intere t similar sealing device ()/R 


diaphragms, boots and gasket 


are in the same top categorv 


CHICAGO 
RAWHIDE 










CARDS 


PRECEDING 





lb at O.O20 iy when operating on 24 

ify volts d-« Dhese ty pie il forces are ob 

f hf spec tained at 78 F. Ambient temperature 

need a finish for protection— | aed esas tet ¥ cake te 
decoration—identification? inder widely differing temperature con 
ditions The solenoid is designed for 

continuous duty at 18 to 30 volts d- 


PSP Engineering Co.. 8420 Otis 


Specify Iridite . . . for corrosion protection during South Gate, Calif 


storage or use ... for a firm and lasting base for Sih ha 48 eniiar Semaiey Servis 
paint... for extra quality and eye-appeal . . . for preceding back cover 


low cost color coding of finished parts. 


ON ZINC AND CADMIUM you can get highly corrosion 


resistant finishes to meet any military or civilian 


MERCURY VAPOR GRID- 
CONTROLLED RECTIFIER TUBE 


drab through sparkling bright and dyed colors Designed for high current power sup 


specifications and ranging in appearance from olive 


plies in industrial RF generators, and 
ON CoppEr... Iridite brightens copper, keeps it tar 


radio equipment Type 6786 is a met 
nish-free; also lets you drastically cut the cost of 


cury vapor, grid-controlled — rectifier 


copper-chrome plating by reducing the need for with a peak inverse voltage rating of 


buffing 15 kv and an average plate current of 
ON ALUMINUM Iridite gives you a choice of natural 
aluminum, a golden yellow or dye colored finishes. No 
special racks. No high temperatures. No long immer 


sion, Process in bulk 


ON MAGNESIUM Iridite provides a highly protective 
film in deepening shades of brown. No boiling, elabor 


ite cleaning or long immersions 


AND IRIDITE 1S EASY TO APPLY. Gi0es On at room temperature 


by dip, brush or spray. No electrolysis. No special equip- 


ment No exhausts. No specially trained operators. 
Single dip for basic coatings. Double dip for dye colors. 
The protective Lridite coating is not a superimposed film, 


cannot flake, chip or peel 


WANT TO KNOW MORE? We'll gladly treat samples or send you 
complete data. Write direct or call in your Iridite Field Engineer. 
He's listed under "Plating Supplies" in your classified telephone book. 


) . Win | Taga | tar conditions, no forced-air coo 


“y" essary. The grid control provis 
INCORPORATED 


protection ol the equipl ent 
4004 06 — MONUMENT STREET « BALTIMORE 5 MD load ar . r short ' 
oad i C-OovVel “ wrt ciret 
makes the tube suitable 
control ol RI output by 


the grid voltage. For intern 





Why change. cowl 
fastener size every time 
tolerances vary Ol” ? 


Sc jick release fasteners provide: 


+TOLERANCES AS REQUIRED 


Industrial tolerances, provided only by Southco Quick-Release 
Fasteners, are designed to accommodate variations in thickness 
normally encountered in metal working. No longer is it necessary to 
call out a different size precision type fastener because of a 
few thousandths variation. You eliminate a serious stock problem 


and reduce assembly time when you specify SouTHCco 


You can easily choose the right Southco Quick-Release Fastener 
from a wide variety of stock sizes which include two diameters and 


three head styles 


The Southco Handbook makes it easy to pick the proper fastener 
Write for your copy today. Southco Division, South Chester 


Corporation, 236 Industrial Highway, 


Lester, Pa. 


SOUTHCO DIVISION 

SOUTH CHESTER CORPORATION 

256 Industrial Highway, 
Please send me, without cost, the 24 page 
SOUTHCO FASTENER HANDBOOK 


Lester, Pa 


FASTENERS 


NAME 


PAWL +- SCREW AND SPRING - 


POSIT NM 


DRIVE RIVETS - ANCHOR NUTS - 
ENGINEERED SPECIALTIES 


Strriécrs to Pei e¢cir met cites 


WHEREVER TWO OR MORE PARTS ARE FASTENED TOGETHER 


STANDARD AND SPECIA 


| 
| 
| 
| 
| 
| Please have representative call 
| 
| 
| 
| 
| 
e 


DESIGNS 


COMPANY 
ADDRESS 
city 


5 FOR IMPROVED PERFORMAN 








TEFLON’ TERMINALS 
“Mike” is the hardest worker at Sealectro. For in every 
operation — from tooling up to setting up the automatic 
machines, and again from outpouring production to final 


inspection — the micrometer is everywhere in evidence. 
Sealectro has set those close-tolerance standards which 


others try to follow. 


 Sealectro’s “Press-fit” terminals are the. precision ter- 
~ minals, press-fitted into chassis or component, eliminat- 
ing usual hardware and soldering, and minimizing labor. 
Piece after piece after piece of absolute uniformity. And 
they “stay put.” Yes, always right, all ways, thanks to 
“Mike”, the hardest worker at Sealectro, the original and 
still the leading exclusive Teflon terminal producers. 
* Trade-mark ¢ Trade-mark of E. |. Du Pont de Nemours & Co. 


GET YOUR COPY... 


This ‘“Press-Fit’ Manual provides that practical 
‘know-how’ you want on superlative insulated ter- 
minals. Write for it on your business stationery 
Also let us collaborate on your insulated terminal 
problems and requirements 


7 
7 


LMS 
SIZE 


wT i 


Ny The 
iS | gia 
A We 
Ar 


c= 


6786 
electronic control of the time range of 


trial applications, the permits 
“on” and “off” cycles without the need 
for mechanical components and asso- 
ciated relays 

The tube has a “plate” type mount- 
ing support base and insulated flexible 
leads, making 


installation rapid and 


230 


simple. Amperex Electronic Corp., 
Duffy Ave., Hicksville, L. 1, N.Y 
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MINIATURE COAXIAL CABLES 


leflon-insulated miniature coaxial ca 
available in’ three 
70 and 93 ohms 
of cable can be obtained with 


Kel-l 


bles are standart 


ly pes ) Kach ty pe 


covering of vinyl, nvlon 


or a glass fiber braid Special low noise 


types are also available in any of the 
listed ly pes 

small diameter and 
suitable 


te le metering 


ol thei 
these 


Because 
lightweight cables are 
aireratt and 
equipment Hitemp Wire Lr ty 
Windsor Ave Mineola, N.Y 
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for tine in 


MINIATURE DIFFERENTIAL 
Mini ature 


rotating inputs to give peed mms oF 


differentials combine 


differences and angular sums or differ 
enet They are ilso ideal for control 
ling relative speed for obt ining ex 
ceptionally wide speed ratio between 


shafts, for shifting pla e angles betweer 


on Manufacturers of ‘PRESS-FIT’ TERMINALS 
186 UNION AVE., NEW ROCHELLE, N.Y. © NEw Rochelle 2-6015 








Millions in savings made with P-K Screws since they 
were originated by Parker-Kalon have proved the 
Self-tapping Screw method reduces assembly costs. 

But it takes more than the right method to make 
sure planned savings pay off. It takes P-K quality 
standards to guard against defective screws that cause 
assembly trouble, costly damage to parts, and hidden 
weakness that shows up in customer complaints. 

Only Parker-Kalon can offer P-K quality, the in- 
dispensable extra, along with the proved advantages 
of Self-tapping Screws. 

Plan your assemblies for lowest cost... a P-K 
Assembly Engineer will help you. Then make sure 
planned savings keep on paying off... when you 
purchase, order “P-K’’. Parker-Kalon Division, 
General American Transportation Corporation, 


Clifton, New Jersey. 


PARKER-KALON 


ho?!” SELF-TAPPING SCREWS 


originated by P-K... and we today... 
the leading choice for fastening economy 





.. PACING THE TREND 


 12-VOLT 


ELECTRICAL SYSTEMS 


STACKPOLE CARBON COMPANY 


ST. MARYS, PA. 


rotating shafts, and for quickly revers- 
ing and changing speeds without dis- 
connecting the power source 

Thirty-four different ratios—from 1:1 
to 27:1--provide wide design possibili- 
ties. Hobbed and hardened spur gears 
give smooth operation. External bearing 
surfaces are of brass so the unit mounts 
readily in bushings. 

Units are available with an internal 
anti-backlash feature. Anti-backlash re 
sults from two parallel gear trains 
spring loaded against each other, 
thus taking up backlash continuously 
whether running or not. Metron Instru 
ment Co., 432 Lincoln St., Denver 3, 
Colo 
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CERAMIC COIL FORMS FOR 
PRINTED CIRCUITRY 


Iwo new ceramic coil forms, desig 
nated SPC-1l, and SPC-12, are de 
igned for printed-circuit applications 
ind made of Grade L-5 ceramic. One 


has a mounted height of 2. in., the 


other 14,4 in. Both coil forms have an 


outside diameter of a 14 in. and a 
in. threaded powdered iron core and 
silicone Fiberglas collar. 

Available with 2 to 4 solder lugs, the 
coil forms feature a design allowing the 
units to be dip-soldered after mounting 
They are available as a form alone or 
wound to the required specification 
They come complete with threaded 
lug: the terminal collar of silicone 
Fiberglas is securely fastened to the 
form. Cambridge Thermionic Corp 


145 Concord Ave., Cambridge, Mass 
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SUBMINIATURE TOGGLE 
SWITCHES 


Subminiature toggle switches intended 
for use in transistorized and printed 
circuit applications are single-pole 
double-throw types with center-off a 
tion They are available in these com 
binations of “on” or “momentary on” 
in either of the extreme positions: on 

off—on: mom—off—-on; or mom—off 

mom, The switch incorporates a_ ball 


type toggle handle; contacts for low 


% ELECTRICAL MANUFACTURING 





nothing ‘an touch this winding 


Oil, acid, vapor, heat and pressure don’t affect this AC motor 
winding. It’s completely encased in a special, high-tempera 
ture, chemical-resistant plastic. The windings are cast right 
in the plastic to make a single, solid, impervious piece. 


Of course, this winding goes into a special motor one that’s 
designed to run in a pressurized atmosphere of inert gas, under 
constant exposure to a piping-hot oil splash and vapor at over 
200 F. Temperature-stabilized bearings, oil lubricated under pres- 
sure, and drip-proof, corrosion-resistant Construction are some 
other design necessities for this unique 115-volt, 1/3 hp AC motor. 


Here is a typical example of ESCO’s unusual ability to design 
and build rotary electrical equipment to meet special customer 
needs. Whether or not your particular motor problem is this 
special, remember that ESCO’s twenty years of broad experience 
is always available to you. No motor or generator problem is 
too big or small, too routine or specialized for ESCO engineers 
and craftsmen to solve properly, the way you want it solved. 


Refer to Esco Catalog in section br in Sweet’s Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem . . . we'll be glad 
to show you how we would go about solving it for you. 


ELECTRIC SPECIALTY CO. 


171 South Street, Stamford, Conn 








level (dy ecircurt ipp le ithor rold 


RUNNING plated terminals and nickel plated body 
Body dimensions in. x % in. x 


TIME in. The switches, designed to comply 
will military re juirement ‘ va 
METERS able wit | : | | 


1a silicone boot for 
ing to withstand pressure 
psi. Miniature Switeh Corp 


Ave., Lynbrook, Long Island 
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MINIATURE GERMANIUM 
JUNCTION POWER DIODES 


Designed for use in ommunicatior 
ind control equipment audio trequen: 
witching applications and rectification 


Type 6408 in the power range up to 2) watts 
Portable reset type ol germaniun junction power! 
includes Types IN91, IN92, and 
Specification include peak 
voltages up to 300 volts; peak forward 


eurrent yp oto hundred of milliam 


widest time ranges... 


variety of models 


The Cramer line of running time 
meters and time totalizers 
offers a complete selection Type 690 
for measuring and accumulating’ icici 
time intervals, from the hundredth 
part of a second to hours. 


A variety of types—reset 
or non-reset . .. meter mounted 
or portable . . . drum or dial 
counters—are available to 
meet your exact requirements, and peres; low full load voltage drops (ap- 
all are driven by the precision- Type 630€ proximately 0.5 — volt) operating 
built, high torque Cramer Flesh pene! mounted frequency, 50 ke: storage temperature 
synchronous motor. 85 C. Diode ire hermetically sealed 
ind have excellent rectification eth 
ency. Clevite Transistor Products D 
Clevite Corp 41-257 Crescent St 
Waltham 54 Mass 
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Whether used for research, 
preventive maintenance, or 
recording operating characteristics 
of a machine or system, 

you'll find a Cramer time totalizer 
ideal for the job. 


Write for Bulletin PB-610, Type 640E ~—— 
ee ee TUBULAR SELENIUM 
a RECTIFIERS 
speciall developer le 
met . TS . a. : 1s ’ s an oon COn TRO t _ ‘ ee ni wide eat 


ty pe tubular rectihes 
wf Fe R. W. CRAMER | of + Pm Selenium Slim They 


in Sizts ran 


BOX 8, CENTERBROOK, CONNECTICUT x» and 
be obtained j issemblies 


ce Ils mounted w ithe it 















For long life under extreme conditions 
of shock, vibration, corrosion, 


humidity and temperature 


“Condi” \ " " / ve 
HEAVY-DUTY 


ELECTRICAL 
CONNECTOR 
















Jrite ene for use with pave keted cable in established AN contact arrangement the really tough jobs where ordinas 
t requiring ground return through Shell component ire thick sectioned hig! electrical connector just wont do bye 
itin r? ‘ this connector in oOrpo crac ilu ninum tor vn trenvtl { | ify the W by pe Clonnector 
rat ealing iskets at all matin joint All aluminum surface ire grey anodize Complete pecifications and detail 


for 





protection 





It 





will pay you to re nember that for 


GZ, SCINTILLA DIVISION of “2p 


SIDNEY, NEW YORK 






Export Sales and Service: Bendix International Division, 205 East 42nd St., New York 17, N.Y 
FACTORY BRAWCH OFFICES: 117 E. Providencia Avenue, Burbank, California « 512 West Avenue, Jenkintown, Pennsylvania « Stephenson Building, 6560 Cass Avenue, Detroit 2, Michigan « 5906 North Port Washingtor 
Road, Milwaukee 17, Wisconsin © American Building, 4S. Main St. Dayton 2, Ohio © 8401 Cedar Springs Road, Dallas 19, Texas © Boeing Field, Seattle 8 Washington © 1701 °K" Street, N. W., Washington 6 0 C 





ELECTRIC HEATING UNITS 


Vulcan Ring Heaters 


The same standard construction as 
Vulcan cartridge and strip heaters 
Coil of highest grade resistance wire 
is supported in and insulated trom 
sheath by refractories of proven 
quality 




















Easily installed by clamp 
ing against the surface of 
hot plates, pots, defrost 


( " ers, vulcanizers, moulds, 
dies, water heaters, etc 


y 














engineered to meet your needs 


Careful analysis and testing of your product together with 
experienced RAE Engineers is your assurance of the best 


motor for the job. RAE offers outstanding service and 

















sheath for 
to 750 F 


Rust-resisting 










temperatures 





quality in a large variety of motors in voltages up to 250, 






Stainless steel sheath for 
temperatures to 1200 F 


and up to 4 H.P. (higher for intermittent duty) with many 





gear head motor combinations. Let us put our years of 





motor building experience to work for you 














6 standard sizes Send for the “'RAE’’ service sheet 


it will help you supply the date 
necessary for recommendations and 


AC/DC Universal prices 


DC Shunt wound 
Rae MOTOR CORP. 


DC Series wound 
2009 Kewaunee St. * Racine, Wis. 










Special sizes available 










VULCAN ELECTRIC COMPANY, Danvers 2, Mass. 


EXPERIENCED SPECIALISTS IN ELECTRIC HEAT 
Makers of Vulcan Electric Soldering Tools, Electric Solder 
Pot lectric Branding trons, Electric Heating Unit 
»« 8-page Vulcan catalog in Sweet's product 

Design file for 1955 


DC Compound wound 

Gear Reduction Motors 
Governor Controlled Motors 
Motors for Rheostat Control 
Motors for Electronic Control 
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Add Up the Savings with N F Mi A N D 


PAPER TUBE PRODUCTS BROS 


qo 


Lower 
Unit Cost 


; Quicker 
arsserhyy att . 2 
( Application 


Available in Large 

wit oF Small Quantities 
to meet 

your requirements 


W's easy to see why so many manufacturers find NIEMAND BROS. PAPER 
TUBE PRODUCTS 50 practical. Diameters — .093” to 2” ond up. Materials 


~ high dielectric kraft, fish paper, foils, special protective coated and 
lominated papers. Printed or plain 


Precision drawn paper cups from .141” ~ 2” dia. Die cul washers and 
custom ports 


Further Information on Request 


NIEMAND BROS., INC. 


Greenish mn Proper Iocbe Precucts for EC leckrivedl Affplerarte: ws 


37-05 Thirty-Fifth Avenue + Long Island City 1, N. Y. 


Sub-Miniature 


PILOT LIGHTS 


A great aid 
to miniaturization A 
Require a single 15/32" hole Ty MA 


“ on en CRAMPED 


ASSEMBLIES 


). TT-51; No. TT-SIA wit 
' t Ling 


ther color filters, black t uy U 
B 8-3730-111; for M LIGHT SHIELD . SUB-MINIATURE 

( 4-1930; light shield ASSEMBLY INDICATOR LIGHTS 
D 81930111; nond (All iustrat approx. actual size 

E) No. 11-1930-111; mecha dimmer ° 


No. 3-1930-111; polaroid dimmer : 
oteee- Itt § Foremost Manutacturer of Pilot Lights 
All assemblies accommodate midge 


get LI 
flanged base lamps like this one | 
(actual size); easily replaced. Available | 
for voltages of 1,3, 2.7, 6, 14, and 28 ¢ , 
Any assembly available complete with lamp. CORPORATION 


SAMPLES ON REQUEST —NO CHARGE 60 STEWART AVE. e¢ BROOKLYN 37,N.Y 
Write for latest catalogues and Design Brochure HYACINTH 7-7600 
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Kach end fully 
with rass cap which is firmly 


| 
i 


ecured to the phenolic tube ind pro 


i 
vides contact ferrules for fuse clip type 
mounting 

Cells are rated | d » LO and 
20 milliamp d-e per cell, in a half-wave 
circuit using a capacitor input filter 
it maximum ambient temperature of 
45 C. They have a reverse voltage rating 
of 26 volts rms per cell 

For use under varying temperature 
and humidity conditions, hermetically 
sealed glass tube ire also available 
The phe nolic tube rectifiers can also 
be ordered with axial end leads (pig 
tails) where fuse clip type mounting | 
not desired. Union Switch & Signal 
Div. of Westinghouse Air Brake Co 
Pitt burgh 18 Pa. 
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GLASS-SEALED CARBON 
FILM RESISTOR 


Small size ind self-insulating features 
permit close spacing of rugged glas 

ealed carbon film resistor, Type Pl 
00. Stability is better than 0.03 
per cent pet eat it O.25 watt rating 
ind derating i ro power at iW ¢ 

The oO ( virt rally unchanging 


ot tine when used 


i hard 
borosiln | eny me that is 
fusion-sealed lo t « cap The 


“¢ iled envyve lope na thi idivantage ot 


excellent mechanical protection and 
high temperature capability 


Model PT 500 is available in sets 


with temperature coefhcients matched 





HUSSEY 


__ COPPER 


Lifetime durability and good appearance 
. Ease of fabrication by almost all known methods 


. Excellent electrical and thermal 
conduction properties 


. Ready availability that recommends Hussey 
Copper as standard 


Sheet + Strip + Coils Cc. G. HUSSEY & COMPANY Seven Convenient Warehouses 


: ek ® CHICAGO @ NEW YORK 
Rods + Wire + Tubing (Division of Copper Range Co.) © CINCINNATI © PHMADELPINA 
Bors * Anodes ROLLING MILLS AND GENERAL OFFICES @ CLEVELAND © PITTSBURGH 


PITTSBURGH 19, PA. @ ST. LOUIS 


FADER INOUIRY 








Comat 





Plug-In Relays simplify 
replacement, speed up servicing 
permit faster assembly, eliminate 
wiring error. Safety covers protect 
against shock and dust. Ideal for 
use in vending machines, mobile 
communications equipment, ele 
tronic computors, automatic pin 
spotters, testing apparatus, et« 
Maximum standard contact com 
binations up to 3PDT, (up to 
DPDT, UL). Also available without 
covers. Relays used are standard 
Comar components. Our engineers 
will show you how these plug-in 
types can best be applied to your 


requirements. No obligation 


Send for details now! 









omar 


ELECTRIC COMPANY 


1349 ADDISON STREET 





CHICAGO 18. ILLINO!I 
RELAYS « SOLENOIDS « COILS « TRANSFORMERS « SWITCHES «+ HERMETIC SEALING 
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to | ppm/C for high precision use 
over wide temperature ranges. Mount- 
ing may be done on leads capable of 
withstanding up to 15 Ib of pull 
Dimensions: 3/16 in. diam x 7/16 in 
measured the length of the resistor 
Overall size including weldable end 
studs is 5% in. with 17% in. tinned leads 
Pyrofilm Resistor Co., Inc., 8 Whip 
Morristown, N J 
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LOW-LEVEL PUSH-PULL 
MAGNETIC AMPLIFIER 


Low-level 


push pull d-« naynetse 


amplifier is designed to amplify the out 


put of low level devices uch i 
thermocouples strain gape thermistor 
bridges photo tulbve sor cryst il detector 





0 as to operate an insensitive relay o1 
meter. Designated Type R6A5MI, the 
unplifier is self-contained and required 
no external rectifier 

The amplifier will provide push-pull 
d-« output lor a re versible polarity d-« 
signal input It has a power gain of 60 
i low drift of 1 ma and will give 5 mw 
output with a 300 my input Stability 
ind linearity are said to be excellent 
within the ambient temperature range 
from » to BS ¢ Units can be cas 
caded for increased gain. Model R6A5 
Mi is hermetically sealed and resistant 
to shock and vibrations Polytechni 
Research & Development Co., Ine 2 
Pillary St., Brooklyn 1, N. ¥ 
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DEPOSITED CARBON 
RESISTORS 


Deposited carbon resistors available iv 
tandard Rk TMA 


1 


i wide range ol 
ohmage value ~ ire produced in 
\ 1 and 2-watt = size 


Standard tolerances are 2 


» and 10 per 
cent. Resistors rated up to but not i 
cluding 1 watt are of axial-lead cor 
truction l- and 2-watt types feature 
radial-lead construction All unit ire 
ipplied with the tandard RETMA 
oloreode 

[ype BB axial-lead” resistors are 


nanutactured by depositing carbon o1 


xtruded tubular ceramic forms. Metal 
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PROPERTY AND APPLICATION DATA ON THESE 
VERSATILE ENGINEERING MATERIALS: “ZYTEL,” 
““ALATHON,” “TEFLON,” “LUCITE.” 


TAN 


Are Resistance of Du Pont Teflon* 
Helps Reduce Generator Maintenance 


General Electric finds insulator sleeves 


Thrust washers of Zytel® 
nylon resin are resilient 


and long wearing 


Toughness, abrasion resistance, good 
bearing characteristics — these prop- 
erties make “Zytel”’ nylon resin ideal 
for thrust washers. Tests show that 
on Y% H.P. motors there is only 
0002” to .0005” wear on the washers 
in 10,000 hours at 1750 R.P.M. Since 
thrust washers of “Zytel’” require 
little lubrication, costly thrust lubri- 
cation design can be simplified. 


Sleeve-bearing motors equipped 


with these washers can be operated 


@ Typical application of thrust washer of 
Zytel” on bearing shaft of 4 H.P. motor 
Thrust washers ranging from " to I” 
available from Cosmo Plastics Co., Cl 
land, Ohio 


in a vertical position as well as 


horizontally. The lightweight washers 
of “Zytel” take up the thrust loads 
in any position. Another advantage 
is a reduction in noise and vibration, 


thanks to the lasting resilience of 


‘*Zytel’’. 


Perhaps you have a product or pro- 
cess that will be improved by utilizing 
the properties of “*Zytel” nylon resin 
Clip and mail the coupon for further 
information. 





of “Teflon” withstand repeated flashovers 


Outstanding success with insulators 
of Du Pont “Teflon” tetrafluoro- 
ethylene resin is reported by the 
Locomotive and Car Equipment 
Department of General Electric. 
Used on the brushholder supports of 
G. E. railroad-type generators, these 
insulator sleeves have performed 
successfully in freight train service 
over the past year 


Chief advantage of these sleeves is 
their resistance to arcing. Repeated 
flashovers, unavoidable in railroad 
service, have little effect on “Teflon” 

while former insulators blistered 
G. E. reports that the new protective 
sleeves tend to be self-cleaning, too, 
thanks to the vaporization of a 
microfilm of “Teflon” in the region 
of the are which provides a clean, 
new surface after each arc flashover. 


Easier handling of generators in 
the shop, together with the long 
service life of each sleeve of Teflon’ 
has made maintenance simpler and 
less costly. 


CAN “TEFLON” HELP YOU? 


Teflon’ opportunities to 
designers of electrical equipment. Thi 
Du Pont engineering material has an 
unusual combination of properties that 
make it well qualified for insulation in all 
sorts of power equipment 


HEAT RESISTANCE: Teflon with- 
stands hot spot temperatures to 500 1 


POWER FACTOR: “Teflon” has a power 
factor of less than .0005 for the tested range 
of 60 cycles to 108 cycles 


offers new 


RESISTANCE TO DETERIORATION: 
Teflon” is not affected by moisture or 
veather and is inert to all chemicals 
normally found in industry 

These properties, plus toughness and 
flexibility, are the reasons why “Teflon” 
finding such wide usage today in tape and 
molded parts for the electrical industry 
You'll find “Teflon” performing with out- 
standing success in motors, generator 
transformers, capacitors and various type 
of electronic equipment 


@ Siceve of “Teflon” being positioned over the 


insulator on brushholder support. Used in 
high-speed freight train service, these leeves 
Teflon have contributed greatly to 


generator maintenance 


hholder sleeve 
! (s-1 


leflon ha “a high 


motor 


j ectri tf wtt ranginy 


1000 to 2000 volts per mi 
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PROPERTY AND APPLICATION DATA ON THESE 


VERSATILE ENGINEERING MATERIALS: “ZYTEL,” 
“‘ALATHON,” “TEFLON,” “LUCITE.” 








Conduit fittings of “Zytel” 
are economical, resist 


galvanic corrosion 


Engineers are finding new ways to 
simplify design and reduce costs by 
substituting parts of “Zytel’’ nylon 
resin for parts of metal or other 
conventional materials. An outstand- 
ing example of a more efficient design 
is this new conduit fitting molded of 
“Zytel” used to form a tight seal 
where a cable enters a terminal box 


The U.S. Navy has had success 
with these new conduit fittings. As 
replacements for traditional fittings 





lnvestivate Du Pont 


engineering mate rials im your 


produ t deve lovpounne ni programs 


One of the family of these versatile 
engineering materials is often a_ key 
factor in product improvement or new 
product design 

Ihe wide range of properties avail 


able with “Alathon’’* 
‘* 


polyethylene 
acrylic resin, ““Teflon’’* 
tetrafluoroethylene resin, and “‘Zytel’’* 


resin, “Lucite 


nylon resin are helping solve industrial 
design problems 


NEED MORE INFORMATION? 


Clip the coupon for additional data on 
the properties and applications of these 
Du Pont engineering materials 


> 





E. |. DU PONT DE NEMOURS & CO. (inc.) POLYCHEMICALS DEPARTMENT 
ROOM 201, Du Pont Building, Wilmington 98, Delaware 
in Canada: Du Pont Company of Conada, Lid., P.O. Box 660, Montreal, Quebec 


Please send me more information on 


checked "Zytel"’; "Alathon"’; 


in evaluating these materials for 


NAME 
COMPANY 
STREET ADDRESS 
CITY 


TYPE OF BUSINESS 





*” Alathon Zytel 





the Du Pont engineering materials 


“Teflon”; “Lucite’’. | am interested 


STATE 


Lucite", Teflon” ore registered trade-morks of E. 1, du Pont de Nemours & Co. (inc.) 





qee 


@ Installing a conduit fitting molded of 
“Zytel”, Note component parts in fore- 
ground Neoprene grommet in design 
enables 9 sizes of these fittings to do the job 
of 27 sizes of former metal fittings. Parts of 
Zytel” molded by Danielson Mfg. Co., 
Danielson, Conn 


of metal, the parts of ““Zytel” offer a 
saving of 80% in weight. This 
amounts to 30-45 tons on an aircraft 
carrier. The nylon fittings are cheaper 
to produce and easier to handle. And 
because of the improved design of 
the new fittings, 9 sizes do the job of 
27 sizes of the old. The Navy esti- 
$31,000 on a 


typical ship with fittings of “‘Zytel” 


mates a saving of 


“Zytel” is not subject to salt water 
and galvanic corrosion, a frequent 
source of trouble with metal fittings 
aboard ship. Its high impact strength, 
resistance to heat and abrasion, and 
stiffness in thin sections are still other 
advantages important in. electrical 
applications 


POSITION 


| 
| 
| 
! 
' 
| 
| 
| 
| 
| 
| 
| 
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Freezer lid of transparent 
Du Pont Lucite” takes 
rough handling and low 
temperatures 


More and more designers of elec- 
trical appliances are taking advantage 
of the beauty and _ performance 
advantages of parts molded of 
“Lucite”. Here is beauty with a 
purpose—optical properties compar- 
able to those of the finest glass in a 
rugged, durable material. 


The lightweight freezer lid pictured 
below is an excellent example of 
“Lucite” on the job. Hundreds of 
times a day crystal-clear lids of this 
design are opened and slammed shut 
But parts molded of “*Lucite”’ acrylic 





resin can take hard knocks and stand 
up to low temperatures. Result: the 
lids give long service, keep “‘seiung” 


the freezer contents to the shopper 


“Lucite” has a tensile strength of 
14,500 p.s.i. at 170°F. and a shear 
strength of 9,000 p.s.i. It has excellent 
moisture resistance, and its strength 
and toughness are not affected by 
water vapor or immersion. Low 
thermal conductivity is another ad- 
vantage—*“Lucite’’ compares with 
rubber in this respect. 

You can get full details about 
“Lucite” by clipping the coupon on 
this page. We'll send you additional 
data on properties and applications 
that should prove useful to you in 
design applications. Freezer lid mold 
ed by General Products Co., Central 
Falls, Rhode Island for Savage Arms 
Corporation, Utica, N. Y. 





supports are 


ncluded in the construc 


step-base DESIGN 






, 
end-caps, into which  double-tinned 
copper leads have been swaged and 
soldered, are press-fitted over the 
e ceramic body to assure a constant 360 
deg contact with the carbon coat. Type 
\ radial resistors are similarly con 
structed except that tightly wound 
tinned copper leads are used in place 
of the metal end-caps. Electroseal 
Products, Inc., 22 E. 40 St., New York NOW AVAILABLE IN 
16, , a 
Circle No. 51, Reader inquiry Service Cards THE BASIC AND POPULAR 
preceding back cover 
MINIATURE CONNECTORS FOR SNAP-ACTION “'C’’ SWITCH 
MILITARY REQUIREMENTS _ 
Miniature quick-disconnect electrical 
co ectors, are si d lo eet iF lest Mil 
aan .N OE” ape . a 8 . @ PROVIDES LOWER COST, SCREW TERMINAL CONSTRUCTION 
strument rating. Featuring a positive @ SIMPLIFIES CONNECTION TO TERMINALS 
quick-disconnect lock which requires no 
safety wiring, the connectors auto 
matically seal before locking and can The popular Acro “C’’ Switch has had its base lifted! Now 
be soe inspected for correct as the open terminal is located on a raised pad at the midpoint 
= ) ‘ d stall; o ests sho i ° rT 
ns ee es TONE ey 8 of the switch base. The closed terminal and the common 
terminal are at opposite ends of the base and at a lower level. 
These three, widely spaced screw terminals provide maximum 
clearance. Switch users will benefit from the lower costs of 
installation. 
Mechanically this Acro snap switch utilizes the famous 
‘ Acro rolling spring principle proved superior through over 25 
years of service. It’s the ideal switch for tough and must 
services such as aircraft and machine tools where maximum 
durability and vibration resistance are required. It’s available 


with all types of actuators. Write for data sheet today. 


ACRO SWITCH DIVISION 





50 hr resistance to salt spray corrosion, 
an operating temperature range from 
67 to 250 F, as well a continuous 


dielectric separation with no voids 





Solder spots are easy to reat h and 
numbers for the contacts are shown 
on the inserts for simplified service- COLUMBUS 16, OHIO 


ability. The closed entry, screw ma ; 
chine contacts accommodate AN wire Plants at Columbus and Hillsboro, Ohio 


gages 22 through 18. Wire combs and REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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1 PAE; | simplex-duplex 


wT IE 
quality blowers 


New Catalog section #40101-1 
CCTagi edd 14, eed t 
covering almost any conceivable 
requirement in TV-Broadcasting 
Te Melo Melua lash) 
Driven by Rotron’s new 


“'L’’ Frame Induction Motors 


I\/6HPto5HP 
1 P—3 @ 50-60-400 CPS 


UGA 


MANUFACTURING CO., INC. 
WOODSTOCK * NEW YORK 
ROTRON 


= 


‘order GTC 


Custom-Specified 


TRANSFORMERS 


NOW ... through a unique method .. . “GTC” represen- 
tatives are prepared to give you on-the-spot answers on 
delivery time, price and all other pertinent details . 
to precisely order to your particular electrical and mechani- 
cal requirements and still provide for quick delivery 


Catalog illustrates pro- usually unnecessary 
an ia .. totype transformer in realize cost econo 
GTC” calls it detaii to mies through applica 
oo eliminate time - con tion of mass production 
Custom- suming liaison between techniques to limited 

ane oe your engineers ond ours quantities 

specified . reduce time for proc simplify and ossure 
essing orders because more accurate specify 
sample submission is ing of your requirements 


Write today for the “GTC” representative in your area . . . he'll 
be glad to call at YOUR convenience and show you how to save 


time and money on YOUR transformers. 
eeeceseeseseee 
: 5 aay 
ur new an 
complete cotolog BEC UR AU WL eeuuie Uae 
is just off press serving industry since 1928 


. write for Py rm taea- ll Oe 
3 ° H H 
your copy Homewood, Illinois 


Suburb of Chicage 


186 


supports are included in the ce 
lion points 

Receptacle inserts are available in 
resilient or hermetic-seal types. The 
Deutsch Co., 6345 Regent, Huntington 
Park, Calif 


Circle No. 52, Reader Inquiry Service Cards 
preceding back cover 


ALL-PURPOSE RELAYS 


Having a maximum contact combina 
tion of tour poles double throw, new 
Model DO relay is useful in aircraft 
ind mobile equipment applications 
where severe shock and vibration are 
encountered 

Contact and terminal insulation is of 


molded phenolic material. Design of 


the molded parts around the moving 
contact arms affords maximum protec 
tion against mechanical injury. Contact 
rating: 10 amp at 115 volts a-c or 3: 
volts d-c noninductive load. Relay 3 
available from stock in a wide range of 
operating voltages for either a-c or d-c 
Ohmite Manufacturing Co., 5682 
Howard St., Skokie, III 


Circle No. 53, Reader Inquiry Service Cards 
preceding back cover 


ON-OFF ELECTRONIC TIMER 
HAS HIGH LOAD CAPACITY 


Independently adjustable On and Off 
time ranges are features of Model T3 
electronic timer, designed for use on 
life test equipment proportioning 
controls and process or machine appli 
cations requiring on-off timing cycles. 
The timer has DPDT load contacts 
rated at 20 amp, 115 volts a-c, non- 
inductive load. Circuit employs cold 
cathode tubes. Accuracy is + 1 per 
cent and indepe ndent of line voltage 
fluctuations from 105-125 volts. 
Standard available ranges are 0.3-25 
sec and 0.5-50 sec per section; other 
combinations are available. Model T3 
timer is available in open style (T3A) 
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Demand sparks Production records. 


Control! 
“ e > oF 
; “* d proce ssing of G-E Germanium 
e . 
ctitiers produces consister 
quality components 
Prices down, 








tly higher 
~brings rectifier 
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G-E Germanium Rectifier Production 
Breaks the 5 Million Mark 


Customer requirements accelerate the production of a full 
line of highly reliable, long-life germanium rectifiers p> 











. NEW germanium rectifiers were introduced by General Electric ‘ 
in 1952 and since then more than 5 million units have been pro- Diffused 


Junction Germanium Rectifiers 
duced for industrial and military needs. In effect, this achievement 


combine very high forward conductance 
represents more than fen billion hours of rectifier lite—in hundreds of with very high back resistance. The high 
temperature and magnetic amplifier rect 

diversified commercial and military applications 





hers feature low 





reverse current rat 


















inp it ambient temperatures of BS ¢ 


PROVED QUALITY! Of the 5,000,000 rectifiers produced, 
only a fraction of 1% have required adjustment under 


the terms of General Electric’s full year warranty! 


Wide Range of Designs. G-E rectifiers are available in a broad range 
of designs for many applications—for electronic computers, control 
equipment, power supply units, magnetic amplifiers; for military and 
= industrial needs requiring custom designs; and for almost any appli 
cation where DC power is required. G-E Germanium Rectifiers are 


' 7 Power of the basic rectifier unit is 
more compact, and weigh less—as much as 75% less than comparablk 







oosted 5 times by adding a copper fin 
rectifiers of other types—and meet the rigid requirements for perform stacked one to twelve fins in series or par 
° lel th ‘ ‘ ) » ce 5 
ance established by the U.S. Navy, Air Force, and Signal Corps. What's ne me rectiner may be operated as half 
e 7 NAVE full wave or bridge circuits, and 
more, G-E Germanium Rectifiers are warranted for one full year 
many other types of single or polyphase 














circuits. Typical power ratings are as high 
immediate Delivery. Mass production assures fast delivery on all G-I 


is imps @ 190 volts; | imps @ 
Germanium Rectifiers regardless of quantity. For complete informa volts; 3.6 amps @ 140 volts, et 

tion concerning your rectifier needs, contact your G-E Semiconductor 
Representative. Or, write: Geveral Electric Company, Semiconductor 


Products, Section X8016, Electronics Park, Syracuse, New York. 






Progress /s Our Most Important Product 


The Medium Power Rectifier hu imp 


> rating at 200 volts 56 CC). At BS C it 
G rated > amps at 100 volts. These rect 
. N cL bE A [ c LE CT R | C fiers, stacked in series or parallel, have rat 

ng f is of w s dep ) 


in thousands 


the design of the rceult 
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cAN THESE VICTOREEN 


GLASS SEALED RESISTOR 


PRODUCT , 


S 
IMPROVE J 
YOUR / i 


ANGE 


PERCENTAGE 


4a 


These Victoreen developed carbon 
film resistors, encapsulated in inert, 
gas-filled, glass tubes provide high 
wattage dissipation or high voltage 
capacity with unusually high stabil- 
ity and long life. The high perform- 
ance standards of these new resistors 
make them especially desirable in 
avionic, sonic, radar, computor, tele- 
vision circuits and other applica- 
tions where quality is important. 


Phe performance of Victoreen Victoreen should be your first choice 
glass sealed resistors as indi for resistors 

cated by this 1000 hour lire 7 

test, surpasses all expectancies 

If this performance is almost 

unbelievable, we invite you to 

duplicate this test in your own 

laboratory. We will furnish 


samples HOURS 
100 200 300 400 500 600 700 800 


} 


AVERAGE LOAD LIFE CURVE 40°C 
VICTOREEN GLASS SEALED RESISTORS 
RX2 HI-VOLTAGE 10KV (100 MEG) 
RX4 HI-STABILITY 5 WATTS (1.1K) 
XS HI-STASKLITY 10 WATTS (50K) 
RX6 WI-STABILITY WeWATT (75K) 





S8IS PERKINS AVE. ® CLEVELAND 14, 


or NEMA XII (T3C)_ construction 
Dials and controls are removable for 
remote operation. Ferrara, Inc., 8106 
W. Nine Mile Rd., Oak Park 37, Mich 
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HIGH SENSITIVITY 
TRANSDUCER 


Model 3030 is a small impulse-generat 
ing transducer which converts mechan 
ical motion into sufficient electrical 
energy to operate electronic devices. An 
extra sensitive modification of the stand 
ard Model 3010-A Magnetic Pickup 
Model 3030 is intended for use as a 
supplementary pickup to extend 
magnetic pickup usefulness into the 
slow speed or very low excitation range 
Under low excitation, the voltage output 
is over two times that of Model 3010-A 

The transducer generates voltage 
output proportionate to the rate of mo 
tion of any moving magnetic metal 


object. Voltage is produced when the 


magnetic field of a built-in permanent 
alnico V_ is distorted. The transducer 
can be actuated by the teeth of a gear, 
screw, pin, or any projection on a mov- 
ing objec . 

Construction of Model 3030 is iden- 
tical to that of the standard Model 
3010-A except that many more turns 
of considerably smaller wire are used. 
Applications include use to actuate 
electronic counters and control elec- 
trical devices when used with amplifiers 
and relays. 

Specifications include: resonant fre- 
queney, 85-95 ke without cable, 15 ke 
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Put the RIGHT LIGHT to Work for You! 


There are so many useful applications for Miniature 
Lighting in both consumer and industrial fields—and 
sO many, many types and variations of expertly de- 
signed, well made Miniature Lighting Assemblies 
available in the big DRAKE line—that selection of just 


the right unit for the specific job can be confusing, control panel—your modern stove or your vending 
if you're not a specialist. 


machine — you can get greater safety and efficiency in 
product use, enhanced consumer appeal, improved 
production methods. So an accurate Miniature Light- 
ing prescription from DRAKE is well worth while. 


up with just the right answer by using a standard As- 
sembly, or a minor variation of it. In many other cases, 
we have developed entirely special units where the 
application poses unusual requirements. 


With the right light for your toaster or instrument 


That's where DRAKE can be a great help. We are 
specialists in the field of Miniature Lighting—have 
been for more than two decades. We've worked with 
leading manufacturers, great and small, on the solu- 


tion of almost every conceivable type of signal, indi- hile 


s\s4 
cating and illuminating problem. Often, we can come 


MINI4y 
Pr, URE Lieu 
ors baty ‘6 
~ Cos 


HERE’S THE EASY WAY TO GET THE SCIENTIFIC 
ANSWER: We've developed a special copyrighted Proj- 
ect Data Sheet to help you get the right start on new 
development work —or for checking up on existing applica- 
tions. You just take a few moments to fill in your answers on 
this simple, direct question-sheet, carefully designed in the 
light of DRAKE’s long experience to bring out the important 
facts about your needs. Mail the sheet back to us; and our 
expert engineers will thoroughly analyze your problem from 
your data . . from all the thousands of possible lighting 
arrangements, will recommend the one best for top results, 


greatest economy, in your specific case. This service is 
free—no obligation. 


>» Send for your copy of the PROJECT 
DATA SHEET right now—in the long 
run, it costs less to be right! 


DRAKE 


MANUFACTURING COMPANY 
1711 WEST HUBBARD ST. * CHICAGO 22, 





[PLE 
PRECISION 
PLASTIC 
MOLDING 


Specialists in the 

Compression Molding of 

Thermosetting Materials. 
* 


Write for free catalog, “A 
Service To Users of Com- 


pression Molded Plastics". 


KUHN & JACOB 


MOLDING & TOOL CO. 
1201 Southard St., Trenton 8,N.J. 


Represented by 
§ C. Ullman 
55 West 42nd St, New York, N. Y 
Phone PEnn 6-0346 


Wm. A. Chalverus 
Carson Road, Princeton, N. J 
Phone 1-3170-J2 


Wm. T. Wyler 
Box 126, Stratford, Conn 
Phone Bridgeport 7-4293 








vith 10-ft shielded cable 


ince 1500 ohms 


; d-c resist 
10 per cent. Imped- 
ince, 2800 ohms at 1000 cps. Weight 
is 2 oz. Dimensions: overall 246 in. x 
; in. with % in. x 18 mounting thread. 
Threaded portion Ag in. long. Electro 
Products Laboratories, 4505 N. Ravens- 
wood Ave., Chicago 40, Ill 
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ELECTRIC HEATERS 
FEATURE LEAD-WIRE 
PROTECTION 


Klectric ¢« irtridge heater lead wires are 
viven moisture and vapor protection 
} 


by a new flexible rust proof brass con 


duit covering The lo« king 


spirals of 


conduit are sealed against moisture 


leakages 


molding 


encountered in many plastics 
presse wrapping machine 
and other equipment 

Straight or 9O-deg angle fittings are 
specially brazed to the heater sheath: 
the conduit ji permanently sealed to 
the fitting Protection is also given 
igainst flexing stresses and mechanical 
ibrasion ilong with a high = safety 


hactor igainst iwccidental lead wire 
breakage 

Sold under the tradename Chromalox 
the heaters can be obtained in a com 
plete range ol lengths volt ives ind 
wattages in sheath diameters of 4 
, in. Edwin L. Wiegand Co., 


7500 Thomas Blvd., Pittsburgh 8, Pa 


Circle No 56, Reader Inquiry Service Cards 
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SENSING SYSTEM FOR 
CONTROL EQUIPMENT 


Designed especially for use in precision 


iutomaty control 


speed equipment 


new speed-change sensing system is 

iid to provide high accuracy, flexi 
bility, and maintenance-free operation 
Making use of manufacturer's Fre 
quency Responsive system, the unit 


will react to is small 


a speed change 
as 4 of | per cent of its top operating 


peed, and can be used at any speed 


ADVANCE builds 


"em for heavy loads 
and long service! 


( ramped quarters don't cramp the 
style of ADVANCE midgets and mini 
atures. You can use them on loads up to 
5 amperes continuously...and at three 
times their rating intermittently — with 
complete safety. They'll resist shock 
and vibration...stand up under tem 
perature extremes. Youll find them 
readily ad iptable to any mounting 
need...any type of duty. Here are a 
few examples 


“TINY MITE” 
MM & MP SERIES 


This ultra-small d-c relay 
occupies less than ¥/ Cu. in 
mounting space! It's stable 
under vibration and shock 

plated to prevent corro 
sion. Operate time is 5 milli 
seconds. Contact rating: .5 
amp. or 1 amp 


MINIATURE 
TELEPHONE TYPE 
TQ SERIES 


Only .94 cu. inches in size 
yet this relay carries 5-amp 
loads in any combination 
up to 4 PDT. Mechanically 
secured throughout, it's 
extremely efficient. No gas 
sing or bubbling. Withstands 
10G vibration. Temperature 
range: ~-55° to +-125° C 


Hermetic enclosures on these types are im 
pervious to varying climatic conditions are 
sealed and carefully checked against leakage 


Write for literature on any of the above 
series, or the complete ADVANCE line 


ADVANCE ELECTRIC 
AND RELAY CO. 


bh . 
ino a = An Elgin National Watch 
‘Ye Aan Company Affiliate 
2435-M NORTH NAOMI STREET 
BURBANK, CALIFORNIA 
Sales Representatives in Principal Cities of 
U.S. and Canada 


JANUARY 1956 ELECTRICAL MANUFACTURING 





CAN YOU MEASURE NOTHING ACCURATELY ? 


Now | ‘Doelcanr- 


Magnetik Null Indicator 


EXCLUSIVE FEATURES 
@ High Sensitivity 

w® Linear Deflection 

mw Magnetic Converter 
@ Isolated Input 


my Low Noise Level 


Write for Bulletin NI-8 


CHARACTERISTICS 
7 DortcaM Magnetik Null Indi HIGH SENSITIVITY 
cator, Model 2HG-1, is both a null PROPORTIONAL DEFLECTION 


balance detector and a linear deflection 
ISOLATED INPUT 


( ) t mav be use ce , 
indicator. It may be used as either a LOW NOISE LEVEL 


low level laboratory instrument where 


accurate null measurement ts impor EXCELLENT STABILITY 


' INDEPENDENT OF LINE VOLTAGE 
nt, Or aS a fast measuring production 


test instrument where linear off-balance QUICK READING 
readings and ability to with tand rough RUGGED 


P S < 
ure essential All around im OLARITY SENSITIVE 


performance is achieved b LOW MAINTENANCE 
» of the unique DOELCAM Second 


Harmonic Magnetic Converter as the 


co . 
input modulato Doelcam_ 
A DIVISION OF MINNEAPOLIS-HONEYWELL | sours: 


Instruments for Measurement and Control 
Gyr 5 ° Amplifiers ° M syns . 





up to 80,000 rpm. Circuit is simple and 
uses no vacuum tubes While « ompletely 
automatic in operation, the unit in 
corporates a tachometer indicator to 
provide continuous speed indication 
Weston Electrical Instrument Corp 
614 Frelinghuvsen Ave Newark 5, 
N. J. 
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PRESSURE-SEALING SPRING- 
LOADED THERMOCOUPLES 


Insuring positive contact for high 
thermal conductivity, self-contained 


pressure-sealing spring-loaded thermo 
700 D.C. Type Relay 


couples are used for checking bearing 
with Double Coil 


temperatures, surface temperatures, in 
jection molding machine temperatures 


’ : oe e° . . and for s iF applications 
North's 700 series ‘‘gang"’ relays provide for up to 53 circuits in r similar application 


onan 11 pileup arrangement. They incorporate North's exclu- 
sive contact spring design featuring heavy support springs to 
damp impact energy of fast opening and closing, minimizing 
contact bounce and vibration. The unusual capacity of this 
relay permits a great variety of contact arrangements in com- 
pact form (mounting width 5 inches). Widely used in com- 
puters, sorting and punching machines, automation and many 
types of industrial controls 


Fast response is insured by the small 
in. diam, two-wire pyod construc 


tion. Sealing method eliminates entry of 


For D.C. Operation 


Single Coil for 10 to 32 form A or foreign matter into the system, as well 
10 to 16 form B or form C as sealing internal vacuum or pressure 


Double Coil for up to 53 form A or to 200 psi. Fittings and tubes are made 
up to 32 form B or form C of Type 303 stainless steel. Tubes are 


Operate Speed—25 to 75 milli- available in lengths to meet particular 
. . application requirements. 
seconds depending upon spring 


, Che thermocouples are available with 
load and coil arrangement 


either [ron-Constantan or Copper-Con 
Also available with rectifier conversion units for A.C. relay stantan calibrations. Standard pipe 
operation having 10 to 32 form A contacts or 10 to 16 thread connection is 1 in. IPS. Conax 
form B or form C contacts. Size, both A.C. and D.C. types, Corp., 7811 Sheridan Dr., Buffalo 21, 
4-5/16" x 5" x 1-27/32". N. Y. 
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We welcome inquiries on complete 
NORTH RELAY CONTROL ASSEMBLIES 


AMPLIFIER DRIVES 10-WATT 
| 2-PHASE MOTOR 


Write for new North Relay Catalog feall 
Jesigned specifically tor use in indus 


trial control systems, Servoflex Ampli 
4 


\y fier Model 1120 is i 60-cycle, two 
IP NORTH ELECTRIC ee P A NY phase motor control, with a built-iz 
as Goeth Meehet. 8424061; Celien Ohio summing network that will accept from 


INDUSTRIAL DIVISION 


one to three a-c inputs. The amplifier 


will drive any 10-watt two-phase servo 





‘ Plastic pump of 


TENITE POLYETHYLENE 


cuts material and 
fabrication costs... 
is strong, inert, 
corrosion-resisting 


moldings plus a small stainless 
this compact, efficient, long 
a pump that cuts costs for 

ind use! 


sly molded of Tenite Polyethylene, 


o fabricate, assemble and attach 
Any waste material can 
salvaged 

Polyethylene is so cor- 

rs solve many 

pumps. On vend 

ig sensitive bev 

airing delicate flavor, color 
vashing machines and other 

ces, they are showing long 

daily exposure t the corrosive 
detergents, bleach and alkali. In 
are han 
without 

luids or emul 


are handling 


» you have a job for « igh, useful plastic 
‘ r > | | aps one of your 

ik ni | ylen rhaps one of you 

yroducts could b jiven more sales appeal, 

stter per mane r longer life if it were made 


cL a. - 


ethylene 
an Eastman plastic For advice ar ati 
le plastic, write EASTMAN CHEMICAL 
TS, INC., subsidiary of Eastman Kodak 
y. KINGSPORT, TENNESSEE 


id more information about this 





IN ALL JAN SIZES 
Vay TCE 
da mC 


Built to handle the new jobs - 
tough for MIL-standard mounts 
the complete ALL-ANGL line let: 
you choose the JAN size best suited 
io your needs for sure protection 
against shock and high-frequency v: 
bration in all directions 


too 


Complete information about ALI 
ANGL Barry Mounts is given in our 
free engineering data sheets. You'll 
find load-deflection curves, transmi 
ibility curves, load-versus-natural 
frequency curves, and tables of load 
ranges for practical solutions to 
the shock and vibration problems you 
meet in designing for jets and missile: 


Now 
Available 


Miniature Al I 
JAN-size 0, for load 
per isolator. Data 
dimensions and per 
that show how yot 


Mount 


ANGI 
ip to 3 


mounts 
pounds 
t #455 pives 
curves 

e Barry 


Shee 
formance 
in use the 


n~7 » 


Ready 
Now 


Jax 


JAN-size 
mounts for loads from 
Data 


ALL-ANGl 

io 10 pounds per 
Sheet #1255 
ratings, dimension 
curves also availabl 


isolator 
details of 
and performance 


giving 


a >» Ready 
7} Feb.1, 


> 1956 


A te 


JAN i7¢ 
mounts for loads from 
pet Data 

available Feb. | 
perform 


ALL-ANGI 
to 40 pounds 
Sheet #256 will be 
with load, dimension 
data 
Write us today wi 
data at once and the 
oon as they are printed 


isolator 


and 
INCE 
ll send the first 


sheet others a 


When your problem is protection thru all 
flight attitudes, your answer is the ALL-ANGI 
For recommendations, call your 


Borry Sales Representative 


BARRY CONTROLS 


INCORPORATED 
708 Pleasant St. Watertown, Mass 
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To the man who 
is responsible 
for precision 
production... 


economically _. 


— Mi. 


* 
2s: 


m 


used either in a 


(prov 


Prhitniize ver 


motor It may posi 


tion servo iding tachometer 


tabilization to n hoot and 


hunting or i elocit er with 


extended proportion ilit 


linearit ind | 


of control motor peed 


brochure 
provides 
important 
information 


ponse is instantaneou the time 
being negligible 


ic control ivnal 


ompared wo 
\ chop 
i\ ithable 


orpora 


ol the frequen 


nternal 


wee 


lurn 


r Inquiry $ 
ding back cove 


WAFER THERMISTORS FOR 
TEMPERATURE- 
COMPENSATION OF 
TRANSISTORS 


es ot water-lype thermistor ited 


temperature Compensation ot tran 


ind other te mperature ae pe ndent 


i tocked in a con plete range 


mtance iret onl to megohm 


Write for 
your copy 
NOW! 


over with tne 
if today § 


inced machine tool engineer 


the versatility of operation 


ngineering and building fo 


ica s largest a F< 


this bre ré 


for current aq 


temperature INNING ; 


! Engineerec 
i¢ nt ae pM Quotations 


per 


perature 


per 


Tere eT 
TOOL AND DIE 
A ila 


high resis 


nee value 
Whe nN 


these 


d lead 


iler even in 17 


furnished with strande 
1 ermistor \“ 
said to 


ibility 


mall a quare are 





Up to 40% higher tightening torques — 
a feature of new High-Torque 
Unbrako socket set screws 


RECOMMENDED SOCKET SET SCREW 


TIGHTENING TORQUES 
(Inch-Pounds) 


SCREW SIZE UNBRAKO B c 


#4 5 3.9 3.5 
#5 9 7.8 7.4 
*6 9 7.8 7.4 
#8 20 14.7 14.5 
#10 26.5 25 
1/4 87 62 60 
5/16 122 
3/8 198 
7/16 309 
1/2 460 
5/8 1106 
3/4 1540 
7/8 3660 
1 5025 


UNBRAKO SET SCREW THREADS 


MINIMUM 
SET SCREW SET SCREW DIFFERENTIAL 


% 


28 
15 
15 
36 
25 
40 
32 
29 
23 
24 
1] 
18 

9 

8 


UNBRAKO-recommended tighteniny 

vith those of ordinary socket s« 

ind you readily see why you can set a 

“AKO and then forget it The reason 

imple. UNBRAKOs have deeper socket 

give you better purchase with the 

rounded socket corners, Which elimi 

harp corners where cracks start 

med thread which make ther 

rer; and knurled cup points, which kee} 
tivht 


yust Me the development ot tull 

ed threads make the new High-Torque 
KO stronger. The metal is compressed 

e closely knit grain structure that yo 

llustration, The grain tlow follow 

ol the thread There are mm 

along vhich hear can occu 

retail il flow line even whe 
O10" below root diamete 

wv ground threads have straigl 


e thread form at root diameter 
crew than an UNBRAKS 
PflOrgMe performances 


BRAKO 


mon imtern 


STANDARD PRESSED STEEL CO 


. W DIVISION 39% 
JENKINTOWN PENNSYLVANIA 


ORDINARY SET SCREW THREADS 





SPECIAL 


APPLICATIONS 


Established 1920 


S 


Resistance Welding Trans- 
former with eight point tap- 
changing switch on primary wind- 
ing. Used for a varying secondary 
current output. Unit shown is 3 
KVA,. Units are available from .5 
to 50 KVA. 


High Voltage Plate Trans- 
former for use under oil with 
other equipment in same tank. 
Unit shown is 50 KV center tap 
grounded, 4 KV A and high imped- 
ance, Note plastic insulation shield 
between coils. This unit available 
from 100 VA to 100 KVA, 


High Impedance Trans- 
former for use in current limit- 
ing applications, where clectrical 
equipment must be protected 
against the high initial current 
drawn at starting voltage. Unit 
shown is 2 KVA, Units available 
from 10 VA to 25 KVA. 


Radio Frequency 
(R.F.) Choke for low- 
est possible capacitance 
and non-resonating peaks. 
Unit shown is 10 Ampere 
200-Micro-Henry Choke 
(terminal is not shown). 
Units available in sizes 1 
ampere and larger. 


Air Core Reactor for current 
limiting and for obtaining lagging 
power factors without distortion. 
Unit shown is 4 KVA. Units avail- 
able from 14 to 2000 amperes and 
25 to 400 cycles. 


Write for complete 
information, specifying 
particular unit and your 

requirements 


WINDING LABORATORIES, Inc. 


P.O. Box 455, Dept. 109, Trenton, N. J. 


ided for insulation and moisture-proot 
ing, is optional. Thermistor Corporation 


of America, Metuchen, N. J 


Circle No. 60, Reader Inquiry Service Cards 
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SOLDERLESS CONNECTOR 
TOOL 


Wire-Wr ip tool makes solderless 
wrapped electrical connections with 
any solid 14 or 16 gage wire. Powered 
by manufacturer's air motor, the new 
tool makes connections in less than | 
ec. Terminals, which may be made 
from commonly used metals, can be 


square or rectangular. Maximum ter 


en 
+? 


; 


minal dimensions are 0.132 x 0.132 in 
with a minimum 0.375-in. spacing be 
tween terminals Kkach connection is 
in. long 
Pool weighs 2 lb and may be fitted 
with either a straight or offset pistol-grip 
handle An automatic device stops the 
bit in the correct starting position, Con 
struction features include alloy steel 
planetary gears with a 20-deg pressure 
ingle 4 positive engagement clutch 
ind ball bearings used on the motor 
spindle and idler gear plate. Keller 
lool Div. of Gardner-Denver Co., Grand 
Haven, Mich 


Circle No. 61, Reader Inquiry Service Cards 
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CURRENT TRANSFORMERS 


bk. poxy resin-cast indoor-outdoor current 
transformer is designed for operating 
meters and instruments in single or 
three-phase circuits up to and including 
600 volts. Primary and secondary polar 
ity markings are permanently molded 
into the transformer casing to facilitate 
correct connections. An etched stainless 


steel nameplate attached to the trans 





30% 


SMALLER 


INTERNATIONAL 


LIFLER 


Miniaturized Hi-Voltage 
QUALITY CARTRIDGE RECTIFIERS BY 


International 


} tu voltayg t iSO iternational selenium rectifi | 
Manufactured under the Phe higher ASO Sati of Ir os cn M: tifier cell 


United States Army Signal Corps result in a 0%, horter length cartridge! These miniature Ze 


Reduced Inspection rectifiers permit greater design freedom where space is at a pre 


Quality Assurance Program Phe 
wy 


mium 
RIQAP 


are available in numerous terminal type circuit 
cell sizes and protective coat to meet your pecilie need 
International —leader in the field ells more selenium cartridge 
rectifiers than all other manufacturer combined! As a result 
your special cartridge rectifier requirements may be standard at 


International. A wire, letter « ) i call will bring immediate 


and f ¥ pe rit nced PCCOTINIIE nd ) ) ( ei lic ition 


International Rectifier 


. 82 e& FO KR A Ft O KR 


Sxecurive orrices 152) &€ GRAND AVENUE Et EG NDO 
mar NAVE PLAZA 94042 


WORLD'S LARGEST SUPPLIER OF INDUSTRItAL METALLIC 


PRECEDING BACK CONET 
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Gorton Pantograph 
GEORGE GORTON MACHINE CO. 
Racine, Wisconsin 


for WesCo Solenoids! 
ay iN AC Sol 


Insures oe 
Machine Accuracy 


This amazing pantograph cuts iden- 
tical messages on 6 metal plates 

To insure accurate 
reproduction, a WesCo solenoid 

helps “lock” a tracer head stylus in 
master template grooves. If your 

problem demands unfailing accu- 
racy, learn today what WesCo sole- 

noids can do! WesCo fills any 
order — large or small. Write on 

your company letterhead 
for WesCo’s AC Catalog! 


Another Money-Saving Use 


simultaneously! 


The trademark on 
over 6,000,000 
solenoids 


AR (@ since 1927 


WEST COAST 
aR See er ae atm te 


233 W. 116th PLACE, AC DIVISION '05 « LOS ANGELES 61, CALIFORNIA « PLymouth 5-1138 


NEW! VERSATILE! 


PUSH BUTTON SWITCH with Features Never Before Available 


- Easily adapted to individual requirements. 

* Flexible tools—2 to 12 stations possible. 

- Illuminated or non-illuminated buttons. 

- Functions to suit your needs. Interlock. Non 
locking. All-lock and non-lock combinations. 
interlock and non-lock combinations. 

Write for bulletin $-550 & 161. 


MULTIPLE BANK DESIGN 
SYANT a Vas Switch assemblies available consisting of 
ud gangs connected together so thot entire as- 
rotates wa sembly will hove 


interlock action. Available 
h il te il : 
1324 N. Halsted Street bot illuminated and non-illuminoted P.B 


designs 
Chicago 22, Illinois 
Canadian Representative 
Atlas Radio Corp., Ltd. 
50 Wingold Avenue 
Toronto, Canada 


SEE THESE AND OTHER 
NEW COMPONENTS— 
1956 IRE SHOW—BOOTH 435 
NEW YORK—MARCH 19-22 


former carries | the essential into 
mation for correct operation of the 
unit 


Since the secondary termination 


on top of the transiormer, it 1s possi 
ble to mount units close together. A 
device 


short circuiting which requires 


no tools to operate, is incorporated into 


this secondary terminal 


irrangement 
[he transformer can be 


vertically 


mounted 
horizontally or inverted by 
means of a steel plate base, providing 
flexibility in hook-up 

Type BKM transformer is available 
in 1200, 1500, 2000, 3000, and 4000-amp 
ratings, all of which are designed for 
0.3 accuracy by ASA standards with 
a burden of B-0.1 0.2 0.5, and 
8-1. Allis-Chalmers Manufacturing Co 
Milwaukee ] Wis 


Circle No. 62, Reader Inquiry Service Cards 
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TIME DELAY RELAY 


Featuring instantaneous reset, time 


delay relay is powered by a solenoid- 


operated differential-type movement, 
Circle B motor 


available in an extremely 


using manufacturer's 
Delays are 
wide time range 

Unit, which can be provided with 
various switch combinations, is also 


available as a cluteh-type motor. Ap 


proximate dimensions are 3 in. long 
and 2'% in. in diam. Unit is a basic 
rather than a standard unit; specifi 
timers are designed to meet individual 
The illustrated  two- 
switch timer is designed for 115- or 
220-volt, 60-cycle Bristol 
Motor Div. of Vocaline Company of 
, Old Saybrook, Conn 


Circle No. 63, Reader Inquiry Service Cards 
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requirements 
operation. 


Americ a Inc 


For reprints of feature articles 
currently available without charge 
to readers, see 


ordering instruc 


tions on page 236 
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AWN (sTANDARD) 


Jor Aircraft, 

Electronic Instruments, 
Milit ury, Industrial, and 
Commercial Applications 


Standard AN-A, AN-B, AN-C...meet 
Specification MIL-C-5015B. Plastic inserts. 
15 diameters, 260 insert layouts, 6 shell styles. 
AN3100 to AN3108 with all accessories. In- 


AN-E Unt. an-m) 


Where Vibration Resistance and 
Moisture Proofing Are Needed 


AN-E Series... environment resist- 
ing. Replaces “old’’ AN-M. Meets 
Specification MIL-C-5015B. Resilient 
inserts. Completely sealed from cable 


terchangeability an outstanding feature. 
Many type assemblies directly available 


through distributors. 


GS (HERMETICALLY-SEALED) 


For Use Under Critical 
Pressure Conditions 


Hermetically sealed connectors... 
with steel shells and contacts to withstand 
high pressures. Available in GS (AN type), 
KH, RKH, U, BFH, TBFH. Insulation is Can- 
seal gloss material, fused under high tem- 
perature to shell and contacts...giving frue 
hermetic sealing when soldered or brazed to 
housing. 


AF, F wisration PROOF) 
Vibration Where Extra 

Strength Is Needed 

Vibration Proof CA310*F—CAO*AF 
Solid Shell, Resilient Insert Connectors 
hex, spline, knurled types for airline use. In 
wall—or box-mounting, cord-connecting type 


For Points of High 
Feature extra strong coupling nuts...in 
receptacles. Straight or angle 90° plugs. 


Ww i> 


For 

Underwater 

and Severe 

Moisture 

Conditions ‘ 


W Waterproof Series...used under- 
water and on equipment operating in 
swamps, rivers, lakes, with underground 
cables — wherever conditions require thor- 
oughly sealed fittings. Exceptionally rugged. 
AN type inserts. Acme threads on coupling 
nuts. Special rubber sealing ring. Special 
heavy duty cable clamp available. 


READER INQUIRY SERVICE CARDS, PRECEDING 


| STEEL SHELL FIREWALL | 


For Open Flame Protection 
Wherever High Temperatures 


| 

Are Involved : 
i | 
| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 


AN-K and Cannon FW Firewall Con- 
nectors offer you the greatest variety of 
this type of connector. Cannon made the first 
firewall connector and continues the leader 
in the field. Wall—or box-mounting recep 
tacles. Straight or angle 90° plugs. Crimp-on 
contacts. Inserts of asbestos-filled or glass 
filled materials. 


‘& 


AW EXTERNAL POWER 


Power Connections—Batteries, 
Engine Starting, Aircraft, 
Oilfield, Industrial 


CA2551, AN2552, AN3114 and Other 
Cannon Types Offer Most Complete 
and Varied Line in single, double, and 
three contact fittings. Really rugged! De 
signed and built for safe, positive connection 
and long-lasting service. 


OTHER SERIES 


4q) \ 


YEAR 
1915 19% i Since 
temiey «1915 


Audio Types—External Power Connectors 
Solenoids—Guided Missile Launching Connectors 


to cable Integral clamp and bushing 
Grounding lugs. Interfacial sealing 
with grommet and grommet follower 
Available as Interim AN-M with fer 
rule in place of grommet follower 


CONNECTORS suitraste 
ror POTTING 


For Resistance to Moisture, 
Fuel Oil, Gasoline, etc. 


CA06 and CA3106 Types developed 
for the Bu Aer Standard AN3106 type minus 
the end bell. Special plastic ‘‘cups’’ supplied 
for use as a mold while potting the rear of 
the connector. Weight saving. Grounding 
means available. Plastic or resilient inserts. 


AW accessories 


Cable Clamps, Conduit Fittings, 
Dummy Receptacles, Junction 
Shells, Dust Caps, Bonding 
Rings, Bushings, Adapters 


Featuring High-Quality Materials and 
Workmanship including AN3057, AN- 
3057A, AN3420, AN3054, AN3055, AN30- 
56, AN3058, AN3064, AN3066, AN3068, 
AN3111, 2120, 2245, 17530, 2209, 2182 


Adaptable to all makes of AN connectors 


Switching Types—de 
Miniatures and Sub-Miniatures, 


Please refer to this Magazine 
or to Dept. 500 
@ 


CANNON ELECTRIC CO 


Write Today for 


new, completely revised, 


» BACK COVE! 


tories in Los Angeles; East Haven; Toronto, Canada; London, 
Melbourne, Australia. Manufacturing licensees in Paris, 
up-to-date AN10 bulletin! Japon. Contact our 


, 3209 Humboldt St., Los Angeles 31, Calif. Fac 
England, 


France; Tokyo, 


representatives and distributors in all principal cities 
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Be Sure 


with a 
Matched-to-the-Machine 


STEARNS MAGNETIC CLUTCH 


On many machines, a standard magnetic clutch does the job 


On others, however, a special custom-made unit is needed for 


the most profitable results. 


In either case, you’re right with 
Stearns — because this pio- 
neer in magnetic equip- 


ment builds both. 


Here are important 
reasons why Stearns 
magnetic clutches 
provide positive de- 
pendable control on 
such a wide variety of 


applications. 


@ Torque range from .4 to 30,000 @ Quiet and cool running. No 
Ib. ft metal-to-metal contact, no spark- 
@ Low inertia fast, smooth en ing. 

gage and disengage. Split shaft, 


@ Automatic or manual control 
through shaft, two speed drives, 


®@ No toggles, yokes, shifters. 


forward and reversing drives 


other special applications. ®@ Simple adjustment. 


Let Stearns’ design and engineering experience work for you. Consult 


your Sweet's Product Design File or write for bulletin 226-D. 
1083 


MAGNETIC EQUIPMENT FOR ALL INDUSTRY 


STEARNS 2m MAGNETS 


642 South 28th Street 
STEARNS MAGNETIC, INC Milwaukee 46, Wisconsin 


Laboratory 


Engineering 
Equipment 


OSCILLOGRAPH RECORD 
CAMERAS 


(Three new oscillograph record cameras 
have interchangeable backs that permit 
the user to employ a variety of film 
with a choice of three lenses. The 
cameras may be equipped with Polar- 
oid-Land backs that permit permanent 
recording in 60 sec, or they may utilize 
a Graflok-type back that accepts a 
variety of Graflex film holders. These 
include the standard roll-film holder 


which takes 120-size roll film, magazine 
film, focusing panel with film pack 
adapter or focusing panel with sheet 
film holders 

Backs of all three cameras may be 
moved to allow more than one trace to 
be recorded on a single frame. Three 
detented stops control the position of 
the backs to permit three equally 
spaced exposures. A pointer and slide 
index indicate intermediate positions 
for a greater number of exposures 
Simultaneous binocular viewing and 
recording is provided in all three 
cameras, each of which may be quickly 
attached to any standard 5-in. oscillo 
graph, leaving all controls easily ac 
cessible 

The cameras are designated Types 
298, 299 and 302. Type 298 is equipped 
with an f/1.5 lens. It is particularly 
suited to ultra-high speed photography 
(up to 200 in./msec). It comes equip- 
ped with a Graflok-type back and 


FLECTRICAL MANE 





A L-T-E MULTUMITE Switchge ar is compact and efficient. It is de igned and built to provide 
positive protection of secondary distribution systems with an extra margin of salety for unin 


terrupted service. Instrument transformers are de signe d pec ihic ally lor swit« hhoard 


Natvar 400 Extruded Vinyl Pape is used on this Type C-2, 5,000 volt, 600 amp. primary —> 


tran former coil to protect the instrument circuit, becau e il ha ood dielectri trength, require 


fewer layers than Vv » is He xible enough to conform to sharp bends without wrinkling, and 


because it has adequate heat resistance 


~ 
—_ P 
E. more than 60 years I-T-E has been known in the electrical industry 


for the quality ol its produc ts. This reputation has been maintained through 


sound engineering and manulac turing skill. 


Component parts and materials that go into 1-T-E Switchgear are the finest 
obtainable, and are carefully coordinated into efficient functional units 
Natvar 400 extruded vinyl tubing and tape and other Natvar flexible insula 


tions are used because they consistently meet I-T-E’'s rigid requirements. 

Natvar 400 and other Natvar flexible electrical insulating materials are 
vu 

available for immediate delivery, either from your wholesalers’ stocks or 


direct from our own. 


NATVAR ooo 


FORMERLY THE NATIONAL VABNISHED PRODUCTS CORPORATION 
TELEPHONE CABLE ADDRESS 
RAHWAY 7-6800 NATVAR: RAHWAY, N. J 


207 RANDOLPH AVENUE e WOODBRIDGE, NEW JERSEY 
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OVER 3500 


REQUESTS 


THAN 4 


MONTHS! 


HERE’S WHY 


i 

1 
1 
+ 


Less than four months ago, this 20- 
pape book on proper methods of 
heat processing was first offered to 
industry. Requests have poured in 
and no wonder. The growing 
importance of greater economy and 
increased production in this highly 
important phase of manufacture is 
industry-wide, This information is 


net available inh «one single source 


anyw here 


IN LESS 


Hlere are just a few of the subjects 
discussed in the MOCO Fact Book 
which are essential to quality heat 
processing: 

e Considerations in selecting an in- 

dustrial oven 

e Types of work handling methods 
e Heat energy and its relation to 


e Common tables and formulas im 
heat evaluation 


A COPY IS WAITING 
FOR YOU 


Send today. You'll want. this 
handy MOCO Fact Book in your 
files. Fill in this coupon now and 
your copy will be sent immedi- 
ately 


MICHIGAN (())\/|k NY company 


415 Brainard, Detroit, Michigan 


standard roll-film holder 


120-size roll film 


which takes 
Type 299, a general-purpose model 


with either an {/1.9 or an £/2.8 


2.8 lens 
Graflok-ty pe 
back and the Graflex standard roll-film 
holder which take 120-size roll film 


Dy pe {02 comes equipped with a 


comes equipped with i 


Polaroid-Land back to provide perma 
nent records just 60 sec. It offers the 
ame choice of lenses as the Type 299 
echnical Products Div., Allen B. Du 
Mont Laboratories, Inc.. 760 Bloomfield 
Ave., Clifton, N. J 
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TRANSISTOR TEST SET 


Model T-62 transistor test set features 
direct reading of purely resistive small 
signal parameters and d-c characteris- 
tics of all triode type transistors. Oper- 
ating points may be set anywhere from 
> microamp to 500 milliamp, with col- 
lector dissipation as high as 50 watts 

Measurement of small signal hybrid 
parameters h,,, h,., alpha, 1— alpha, 
and h,. is made at a fixed frequency of 
270 eps (as per MIL-T-12679A). The 


2 millivolt a-« 


vacuum tube voltmeter 
employs an amplifier highly degenera- 
tive at frequencies other than that of 
the generator trequency and a phase 
locked in with the 


[his system is said to make 


sensitive detector 


generator 


possible the measurement of equivalent 
whic h 
would otherwise be introduced by the 
reactive 


resistance without the errors 
component of the transistors 
and the inevitable stray capacity of the 
measuring circuit and 60-cycle current 
and harmonics. Measurements, can be 
made over the greatest part of the range 
with accuracies of greater than +2 per 
cent 

Since the reactive component is ne- 
glected, phase angle as observed by the 
meter is either 0 or 180 deg with re- 
spect to the original measuring voltage 
or current. Thus, negative equivalent re- 
sistances or other small signal param- 
eters of the 


identified and measured by reversing 


“wrong” sign may be 


the meter polarity switch. 

All power supplies are included in 
test set and are housed in a separate 
unit which attaches to the control unit 
through a cable. Power consumption is 
150 watts. Total net weight: 75 Ib. 
Size: power unit, 16 x 10 x 10 in. Con- 
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NICKEL SILVER — enduring and malleable—is an inherent part of 
the finer things of life. In richly plated dining ware; in costly costume 
jewelry; in top-performing motorcars; in precision-made cameras, optical 
goods and scientific instruments, this wonderfully stable and versatile alloy 
plays an essential role... 

For nearly eight decades, America’s finest nickel silver in sheet, strip, 
bar and wire forms — has borne this hallmark. 


SEYMOUR 


THE SEYMOUR MANUFACTURING COMPANY e@ SEYMOUR, CONNECTICUT, 
for the finest Nickel Silver Phosphor Bronze Brass 
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Three New 
AC Servo 
Types 
Available.. 


STANDARDIZED 
SERVO SYSTEMS 
AND OTHER 
STANDARD TYPES 
FOR AUTOMATIC 
CONTROL — 


In addition to new 
lines illustrated, 
many standard and 
higher power mag 
netic amplifiers are 
available for appli- 
cations involving 
automatic control 


CUSTOM DESIGNS 


FOR SPECIAL 
REQUIREMENTS 


— we design 
and engineer 
complete servo 
or automatic 
control systems 


AFFILIATE OF 
THE GENERAL 
CERAMICS 
CORPORATION 


\ 
acsnetic¢ 


mplifiers 


f <I | 


ni 
ca 


115 VOLTS 
&® or 400 cps 


INPUT NO. | 


f 
} 
INPUT NC 1 
2 | 
@ MAGNETIC PRE-AMP + 
SATURABLE TRANSFORMERS 
Supply: 115 volt 400 cps. 
Power output: 3.5, 6, 10, 18 watts 
Sensitivity: | volt AC 
Response Time: .03 sec 
Lowest Cost — Smallest Size 
For further information requeft Form $493 


@ MAGNETIC PRE-AMP + 

HIGH GAIN MAGNETIC AMPLIFIER 
Supply: 115 volt 400 cps. 
Power output: 5, 10, 15, 20 watts 
Sensitivity: .1 volt AC 
Response Time: .008 to .1 sec 
Highest performance — All magnetic 
For further information request Form $496 


@ TRANSI-MAG*: TRANSISTOR + 

HIGH GAIN MAGNETIC AMPLIFIER 
Supply: 115 volt 400 or 60 cps. 
Power output; 2, 5, 10, 15, 20 watts 
Sensitivity: .08 volt AC into 10,000 ohms 
Response Time: .0) sec, 
Fast response at high gain 
For further information request Form $499 

(400 cps.); Form $497 (60 cps.) 


. MAGNETIC *TRADE NAME 
AMPLIFIERS - INC 


Telephone: CYpress 2-6610 
632 TINTON AVE., NEW YORK 55,N. Y. 


trol unit, 18 x 10 x 11 in. Scientific 
Specialties Corp., Snow & Union Sts., 
Boston 35, Mass. 
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VOLTAGE REGULATOR 
PROVIDES DISTORTION-FREE 
A-C POWER 


Designed to eliminate disturbing ha: 
monics and low-frequency noise in 115 
volt 60- ps power sources, Model EE100 
Distortion Eliminating Voltage Regu 
lator furnishes 1.4 kva of 1 per cent 
electronically voltage-regulated power 
with line distortion reduced to less than 
0.3 per cent. Recovery time is less 
than Yo cycle. There is no phase shift 
between input and output, Simulta 


neously, the instrument furnishes an 
additional 4 kva of 1 per cent electro 
mechanically regulated power for ap 
plications where normal line distortion 
ind slower voltage regulation can _ be 
tolerated The electromechanical time 
constant is only 0.6 sec 

The electromechanical regulator is 
said to introduce no distortion or phase 
shift. Applications of Model EE100, in 
addition to its use as a general labora 
tory supply include the prevention of 
instability and inaccuracy in a-c com 
puter nulling operations, among other 
uses. Component and Instrument Dept 
Curtiss-Wright Corp., Electronics Div 
631 Central Ave., Carlstadt, N. J 
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SINGLE-, TWO- OR THREE- 
PHASE OSCILLATOR 


Model 1440-D oscillator will provide low 
distortion, single-, two-, or three-phase 
signals from 50 to 6000 cps Displace 
ment between phases is adjustable 
from 0 to 360 deg. Output level is 
5 volts maximum across 6 kilohms. Test 
jack on the front panel allows visual 
monitoring of the output signals and 
the improved metering circuit allows 


measurement of both the phase voltages 
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ow To Reduce Electrical 
ontact Failures 


...and recognize 


their causes: 


As is the case with many components, the suitability of 
electrical contacts in special applications is often deter- 
mined by laboratory testing of pre-production models. To 
aid the product design engineer in recognizing the symp- 
toms of some common causes of contact failure, the follow- 


ing may be helpful: 


TRANSFER—In d-c circuits, arc erosion sometimes 
causes metal to migrate, causing a pit or depression in one 


contact and building a cone on the other. 


WELDING OR STICKING—Overheating sometimes 
causes contacts actually to weld to each other. Faulty con- 
tact opening or separation under a given force is the first 


s TRANSFER WELDING OR STICKING 
indication 


AKC EROSION—A roughening or pitting of the contact 


surfaces, usually accompanied by blackening or discolora- a 


tion sometimes showing spots actually melted. 


FOREIGN MATERIAL, DIRT, DUST, ETC.—Indicated a | 
by irregular pits, roughening or discoloration on the con 
tacts. Often mistaken for oxidation or arc erosion. act CaOeOn veretgn Ratortet, Out, Cust 


MECHANICAL WEAR—An abraded or deformed ap W777 
pearance on contact surfaces otherwise clean . . . that is — a 
without attendant blackening or discoloration. —" Tosi 
OXIDATION—A discoloration over the entire contact | ] - | 
face, generally black, bluish, brownish or yellow. Usually Zn 


accompanied by marked increase in contact surface MECHANICAL WEAR OXIDATION 


resistance. 


Electrical Contact improvement is a never ending re- 


search job at Fansteel, and it’s almost a certainty that the A copy of this book is 
problem now in your design department has already been ; yours for the asking 
encountered, studied and solved in the Fansteel contact FANSTEEL 
¥ METALLURGICAL 
CORPORATION 
For a quick, authoritative answer on any contact prob- cones 
lem, CHECK WITH FANSTEEL. ; docaaeg 


laboratories. 


F561 


FANSTEEL ELECTRICAL CONTACTS DEPENDABLE SINCE 1914 








Does This Coil 


Have To Be Taped? 





“FORMED INSULATION” 
IS THE ANSWER 


Save Time 


S 


Thickness from .006” to .032” 
Materials from Class "A" to “'H" 


Save Money 





PAPER PHENOLIC 
COTTON PHENOLIC 
GLASS PHENOLIC 
GLASS POLYESTER 
GLASS MELAMINE 
GLASS SILICONE 


Your Quotation Requests Will 
Receive Our Prompt Attention 


86-88 MAIN STREET 
EAST ORANGE 
N. J. 


PHONES: 


OR 2.2140 OR 2-4886 


206 





STEVENS PRODUCTS Inc. 





and the phase-to phase voltages, Unit 
operate from 115 volts 5 per cent 


60 cps Communication 


single-phase 
Measurements Laboratory, In $50 


Leland Ave., Plainfield, N. J 
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SINE-WAVE GENERATOR 


Applications of sine-wave generator in 
clude use in magnetic amplifier, servo- 
mechanism, and computer development 
ind laboratory testing, as well as for 
measurements of frequency response, 
bandwidth or distortion. The instru- 
ment is also useful for frequency con 
trol work, as well as for transducer 
ind ultrasonic testing 

Designated Type 348, the instrument 
features an extended low frequency 
range high output power, low distor- 
tion, and a calibrated output control 
including a four-step decade attenuator 

Krequency accuracy is ) per cent, 
with vernier tuning, and a seale length 
of 14 in. on each range. Five decade 


tuning range ind an additional band 





pread high lrequen range ire pro 
vided The five decade ranges are 
09-11. 9-110 90-1. 100. 900-11.000 and 
90-410 ke. Other 


lrequency ac- 


QO00-110.000° evele 


peciheation include 


euracy 2 per cent » cycle 
( » per cent for frequencies below 10 

cle The output amplifier will sup 
ply 0 volt into a load resistance of 
1200 ohms or more, and 2 watts (34.5 
olt 53 dbn 600-ohm load 
Maximum output may be limited above 
100 ke as a function of reactive loading. 


Output impedance is less than 50 ohms; 


rising be low 30 evycles Hum and noise: 


ultra- 
sensitive 


relays 


chosen to assure 


a 
aE 


fine focusing of ATF 


Mastercraft Camera 


at 





nn 
| he new Mastercraft camera 

of American Type Founders, Eliz 

beth New Jer cy 


embodies Math 


new, advance utomatic Operating 


principle A jor one of thes 
the precision I< ising feature whi 
lets the Operator ‘dial in” the ex 
enlargement or reduction desired. In 


this focusing circuit a Barber-Ce 
man Microy tioner is used. In yo 


prod cts, too, there 1s very likely 
pl ( cre ( in make good 

t this re kable ultra-sensitive re 
bay V Pious Cy pe plug in,solder | 
screw terminal, hermetically sealed 
Operate on input powers of 50 to 
1.000 microwatts. Ideal for use 


null detector in resistance bridge 


its, a differential relay in ele« 

plare circult na [ molifier } 
| i nd an amplifies 
Can be oper 


Write for 


ited in exc of 100 cps 


Barber-Colman Company, 
Dept. A, 1403 Rock Street, Rockford, Iilinois 
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We ae Le 
and Mate) ak 
Papes 


rT 
Drafting. 
| Tooling 


a Wy TLL 


i quipment : 
Oy Eres \Veasuring 


WiTEAG a 


e Since 1867 engineers, scientists, designers, surveyors, 
draftsmen have relied on K&E as the foremost, most 
progressive, and most complete source of supply for the 
tools, equipment, and materials they work with. W hen 
you buy, think first of K&E, headquarters for 7,000 
items. For example 


THE PARAGON’ DRAFTING MACHINE 


Thorough knowledge and thorough ire of minutest det 
were essential to the igning of the sturdy, accura 
Paragon” Drafting } hine. Draft men preter the Parayor 
because it 1s time-saving nd work-sparing because 
reliable easy to O} rate nd because they don't ha 
treat it with kid glo 1¢ Paragon Drafting 

reases drafting room ciency enormously, and 


ubstantial economic 


. ‘ 4 - w ® wt 
ited he i allt lh lll de a alt llth ll lnc Am le a th ak. 


KEUFFEL & ESSER co. 


New York - Hoboken, N. J. 


Angele 


St 


f 





INGENIOUS 
PACKAGING 








The most Further applications of 
advanced electromechanical techniques in these fields 
d | t are creating new openings in the 
evelopments 


Syste nis Dir mion of Hughe: Re Ne arch 
in electronics 


and Dew lopme nt Laboratories 


SCIENTIFIC STAFF RELATIONS 


HUGHES 


RESEARCH AND DEVELOPMENT LABORATORIES 


Culver City, Los Angeles County, California 





are being 
made in 
the sphere of Engineers who have demonstrated ingenuity and inventive 
. ibility will find interest in areas of work that call for 
airborne radar devising reliable, maintainable, manufacturable designs 
for precision equipment developed at Hughes Research and 
and related Development Laboratories 
ground control The design of this equipment, manufactured at Hughes 
involves mechanical, electromechanical, clectronic, micro 
systems because wave and computing problems. Design also requires the 
use of such advanced techniques as subminiaturization, 
of military unitized “plug-in” construction, with emphasis on design 
for volume production, Knowledge of electronic components, 
emphasis. materials, finishes and military specifications is useful 


70 db below maximum setting of the 
continuous control for all settings of 
the step attenuator. Dimensions: 9-14 
in. high, 7 in. wide, 10-4% in. deep. 
Weight, 18 lb. Allen B. DuMont Labo 
ratories, In 760 Bloomfield Ave 
Clifton, N. J 
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THERMISTOR TEMPERATURE 
MEASURING BRIDGE HAS 
60 TO 60 C RANGE 


Thermistor Temperature Measuring 
Bridge, Signa-Glow Model T-10, coy 
ers the temperature range from 60 
to 60 C (—70 F to 140 F) with 2-color 
scale over 5 in. long calibrated in both 


Fahrenheit and centrigrade. The unit, 





designed with a single indicator dial 
and a thermistor-type sensing probe, 
uses no batteries and can be connected 
to a 115-volt, 60-cycle outlet 

The instrument incorporates — the 
Signa-Glow Null Indicator, which con 
sists of a pair of miniature glow lamps 
showing both the degree and direction 
of unbalance. Typical applications of 
Model T-10 include home freezer, air 
conditioning and laboratory equipment 
testing. Unit is housed in a phenolic 
case 3°4 in. x 6 in. x 2 in. Weight, 
under 2 Ib. Industrial Development 
Laboratories, Inc., 17 Pollock Ave 
Jersey City 5, N. J. 
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RACK-MOUNTED 
OSCILLOGRAPH 


Rack mounting of Type 5-119 record 
ing oscillograph permits use of the 
oscillograph in ground-mobile installa 
tions, as well as a fixed rack-mount in 
permanent installations. Entire oscillo 
graph tilts forward from the rack on 
a special hinge. This permits removal 
of the record magazine without removy 
ing the oscillograph from the rack. 
Gear and fuse changes and lamp re- 
placement can be made when instru 


ment is tilted. Switching, viewing, and 
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ud 5 hi Special in @ 


Perhaps the problem of 
protection or control of your 


equipment can be solved by a 
HEINEMANN Circuit Breaker. 


a * ¢. a Operating on a hydraulic-magnetic, sole- 
Pah noid principle . . . with or without inverse 
OP time delay .. . HEINEMANN Circuit Breakers 
offer almost unlimited possibilities in ful- 
filling standard or special functions. 
Your requests for special information will 
recelve prompt attention. 


aia) ed fale 


: SPECIAL OR FRACTIONAL RATINGS 
Close tolerances of protection may be ob- 
tained by precise, fractional rating be- 
tween 10 milliamperes and 100 amperes. 


7 Pye te) ees) 

Alarm contacts are available on certain 
models to permit visual or audible signal 
on tripping of circuit breaker. 


= 
C 
. 


DUAL RATINGS 


A single circuit breaker may be furnished 
with two coils for operation on different 
currents. 


SPECIAL RESPONSE CURVES 


Time vs. per cent overload response curves 
may be selected to match protection char- 
acteristics to the requirements of your 
product. 

a a ae a 


. hanya WRITE FOR BULLETIN SW 
CU a ee 
a ee HEINEMANN ELECTRIC co. 


tective characteristics. Since it does 
ee ee] 99 PLUM STREET Ynenrnen wr vee Os 
a ee 
affected by ambient temperature. 


at 


o Ph . 
A Le 
~ 


—~* 
E 
’ 


r 
4 4 
1 . 
J as 
HEINEMANN Circuit Breakers... One, two and three pole ...10 milliamps to 100 amperes 
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we work with 


...and “know-how” 


The United States Gasket Com- 
pany is the recognized leader in 
the fabrication and application of 
the ‘‘Wonder Plastics’, duPont 
TEFLON, Kellogg KEL-F and 
BAKELITE Fluorothene—|lead- 
ership earned through many years 
of pioneering. 


Today, this company offers engi- 
neering and manufacturing talent 
and facilities unmatched in the 
industry to assist its customers in 
the profitable application of Flu- 
orocarbon Products for almost 
countless purposes 


To render this service, three highly 
specialized laboratories are main- 
tained—electronic, chemical and 
physical—staffed by engineers 
who continue to produce most of 
the advanced ideas and practices 
in the application of these plastics 
to commercial, A.E.C. and mili- 
tary requirements 


Manufacture is Quality Con- 
trolled, utilizing the most modern 
facilities for rapid, low cost pro- 
duction. Many machines and 
equipment have been designed or 
converted by our own engineer- 
ing department to the peculiar 
requirements of Fluorocarbon 
Plastic Fabrication 


Injection Molding 


@ Write for the twenty-page bro- 
chure “Inside U.S. G.”’ that sug- 
gests how this organization can fit 
into your development and pro- 
duction program. 


Wer iD 


UNITED STATES GASKET CO. 


CAMDEN 1, NEW JERSEY 


Fivorocarbon Machining 


galvanometer adjustments are made on 
the front panel 

Mount is constructed of steel stock 
ind measures 12 in. deep x 19 in. wide 
for insertion in a standard vertical rack 

Features of model 5-119 include: 36 
or 50 channels; linear frequency re- 
sponse from 0 to JOOO eps; record 
speeds from 0.1 to 100 ips; timing 
lines: trace identifier; reference traces; 
and continuous scanning by a variable 
speed polygon mirror. Consolidated 
Klectrodynamics Corp 300 North Si- 
erra Madre Villa, Pasadena, Calif 
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SENSITIVE AMPLIFIER 
VOLTMETER 


Measurements of a-c signals from 100 
mv to 300 volts at frequencies from 10 
cycles to 2 me can be made with Type 
346 Sensitive Amplifier-Voltmeter. The 


instrument also has an output connec- 


tion permitting it to be used as a broad- 
band amplifier 
The 414 in. meter scale is illuminated. 
Decibel readings are provided from 
“—*) 


-72 to 52 db (1 milliwatt into 600 
ohms reference). Calibration is in two 
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Working ee something ° | 


cataleg describing oudr 500 types and Sis 
ob MPB's* suck as these Oesedee 


ALL BEARINGS ACTUAL SIZE 
SG _ 
—— a <a “eS 


Oa — eS a a a a ae <—F TE a p sa ne 


Miniature Precision Bearings, Inc., 2 Precision Park, Keene, N. H 


YES! Send me your complete new MPB CATALOG 


title 


; 4 street city 


MINIATURE PRECISION BEARINGS, + KAEENE, MW: Ft 
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linear voltage scales (0-1 and 0-3) and 
a decibel scale (—12 to +- 2 dbm). 













SANBORN 


Accuracy, s per cent 20 cps to 1 me; 
5 per cent. cps to 2 i Othe 
OSCILLOGRAPHIC RECORDING SYSTEMS cialis. rh shy Pe = 


at any line voltage between 105 and 
| 130 volts; input impedance, 10 meg 

tl @) se .i JOB’’ | ohms shunted by 24 mmf 
Maximum voltage gain of amplifier 
PROVIDE VALUABLE is 1000; maximum output voltage, | 
DYNAMIC ANALYSIS ey ww. volt: output 


hum and noise, 40 db below 1 volt. 
Dimensions of Type 346 are: 61% in 


impedance, 600 ohms 


PRODUCTION TESTING 


of components is accomplished by a 


high; 4), in. wide; 7! 2 in deep over 
all. Power supply: 105 to 130 volts a-c, 
50-400 cps, 40 watts. Weight, 614 |b 4 


Servo omponent manufacturer by means 





of a Sanborn Single-Channel Recording re 5- ul Allen B. DuMont Laboratories, Inc 
—=—= 


System with a Sanborn Servo 


760 Bloomfield Ave., Clifton, N.J. 
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. 
DYNAMIC PERFORMANCE HIGH VOLTAGE A-C 
-_ -’ of valves when equipped with a certain BREAKDOWN TESTERS 
+ 5 poeumatye \ alve Positioner in determined by 
’ € i the manufac turer with a Sanborn ‘I wo-( thannel { seful mn laboratory testing ele tri al 
K System and Sanborn Carrier Amplifiers insulating tapes, plastics sheets, trans 
“O€ formers and other electrical compo 
> a , 2 IAS y Je ‘ 
ACCELERATION and TORQUE ae, Type Paes en weeage 
breakdown tester permits tests from 
are recorded simultaneously by an oil company in 0 to a maximum of 100,000 volts, con 
a thei study of fuels and lubricants tinuously variable Instruments also 
c =m as they relate to engine incorporates such features as automati 
performances 
DRONE MISSILE 
1% 
manufacturer can simulate the flight of iN 
the missile and derive information concerning its x || 
behavior under certain conditions by means of 
an analog computer and a Sanborn Four-Channel | ; 
System with four Sanborn AC-DC Preamplitiers 4 z 
op fev hehe; 
ee 
ATOMIC REACTOR 
to be used for power generation in 
~, J prototype plant is studied with the 
help of a Sanborn Kight-Channel System ’ 
which records the output of thermo- —_— 
couple train gage pressure pickups, 
and resistance devices rate of rise with any ASTM rate, and 
metering provisions which hold break- - 
down voltage on meter if breakdown 
eccurs 
ANALOG COMPUTING Type PA-50, rated at 5 kva available 
at breakdown, is housed in a 30-in ~ 


center uses Sanborn Eight-Channel relay rack, 6-14 ft high. Safety inter- 


Svatema - me 8 - j 
ystems to record the Nutions of ‘i ‘ lo« ks are installed on all doors, provid 

yblems ha w si sght varis “*. j 

problems having six or ¢ ie vores ‘ . ing maximum operating safety. Indus 

S ava 8 apecis mene : . 
anborn systems specially designe trial Instruments, Inc., 89 Commerce 


Rd.. Cedar Grove N. J 
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for this type of work utilize Dual- f 
Channel DC Amplifiers 


Sanborn 150 Features include: 


Inkless Recording in True Rectangular Coordinates INDUSTRIAL DIVISION 
Preamplifier Interchangeability 


Eleven Types of Preamplifiers 4 A es iS] © iad oa 


Improved Over-all Linearity 


Accessibility of Chart During Recording co ivi PA ie 


CAMBRIDGE 39, MASSACHUSETTS 





New Components ond Materials 


Literature for the Design Engineer 


Feature Article Reprints 
Advertised Products 





Need a material that offers speedy pro- 
duction and delivery, plus eye-appeal, 
plus serviceability ? Then you'll want to 
hear about these two BAKELITE Brand 
High-Impact Styrenes. 

TGD-5001 — Plastics fabricators ex 
trude it into large sheets to be post- 
formed later by vacuum-forming—a 
fast, low-cost production method. This 
high gloss material is suitable for large- 
area sections particularly where deep 
draws are called for. 

TMD-5151 —for injection molding 


into strong parts with fine, precisely 


formed details with very high gloss 
finish. 

Both these materials are tough and 
shock-resistant. Yet they're light in 
weight, easy to handle, and dimension 
ally stable, so assembly is fast. 


Appearance? Their surfaces are 
smooth and glossy. They come in a 
wide variety of opaque colors to fit your 
new styling ideas. In service, they have 
resistance to chemicals and staining. 

Your plastics fabricator can tell you 
more about BAKELITE High Imp: ict 
Styrenes. Or, write Dept. KV-52 


{ & )\ a 
BAKELITE 


BRAND 


High-Impact iene 


rt nae 
» ae” Rina gost 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation (fg 30 East 42nd Street, New York 17, N. Y: 


In Canada : Bakelite Company, Division of Union Carbide Canada Limited, Belleville, Ontario 


The term Bake rte and the Trefoil Symbol are registered trade-marks of UCC 
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pre-finished metals 


stainless steel 

steel + copper 

brass + zinc 
aluminum 


READY FOR 
IMMEDIATE FABRICATION 


Here is the modern 
low-cost short cut to 
greater beauty for 
your product and 
increased economy 

for your manufacturing 


operations 


APOLLO sheets, strips 
and coils...metallic, 
mechanical or 
enameled finishes 

can lower your 
production costs up to 
50% compared to piece- 
plating and individual 


finishing methods 


APOLLO'S high produc 
tion facilities are 
geared to cost econ ‘ 
omy...to provide 

you the widest pos 
sible variety of finishes 
and surfaces for practically 


unlimited applications 


APOLLO Pre-F inished 


Metals are readily ra 
fabricated in accord 


| 


ance with all sheet 
metal and machine 


shop practices 


Ask about our 

“drawing board to finished 
product” service. 4 ” 
Request bulletin, P 
How to Put the 

Pre-Finishing Touch 


on Greater Profit! 


eee a ee 


6678 S. OAK PARK AVE 
CHICAGO 38, ILL 


Literature for the Design Engineer 


All neu 


press including catalogs, 


publications relating lo 


designed-in’ use in 


FRACTIONAL-HORSEPOWER MOTORS 

Basic motor designs of a line of small 
motors with ratings from 1/2000 to 1/6 
hp, are shown and discussed in a 12- 
page pamphlet pointing out the avail 
ibility of over 3500 standard motors 
ind sizes, with 240 of them 
Additional 
pecifications on such 
representative models as the Type K-2 
peed reducer motor; Type V-10 sup 


in all type 
ivailable is stock motors 


papes provide 


plied with a series winding having 


iriable characteristics and a 


full load 
veat peed reducer with torques to 
19 in.-lb Electric Co 
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speed 
peed of 5000 rpm; and worm 


Bodine 


DUCTILE IRON—Kevised bulletin de 
eribes in detail typical industrial ap 
ductile 


pli ation ind propertse ot 


iron, which ji aid to have the process 
ing advantages of cast iron combined 
with many of the engineering advan 
tages of steel, including high strength, 
toughness, ductility and wear resist 
ance. It can be bent and twisted with- 
out breaking 


produc ed commere ially in weights vary 


Duetile iron castings are 


ing from 2 oz to 100,000 Ib, with section 
thicknesses varying from 0.10 to 48 in 
Ihe International Nickel Co., In 
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POWDER METALLURGY 
page bulletin contains sections sum- 


Fighteen 


marizing the power metallurgy process 
and providing engineering design rec- 
ommendations. Included are data on the 
physical characteristics and chemical 
compositions of a number of ferrous 
ind nonferrous materials. Application 
data are also provided. Keystone Carbon 
Co 
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CONTROL TRANSFORMERS — Among 
the control transformers described in 
32-page catalog GED-2767 are auto- 
transfor- 
mers, and special application models. 


transformers, machine tool 


A special section shows panel and 


machine tool voltage regulation curves 
for use in selecting the proper trans- 
former for 


given applications. Data 


listings of manufacturers’ literature 


components 


electrically 


just off the 


manuals and other reference 


and materials for 


energized end produc ts. 


features, di- 


covers ratings, product 
mensions, weights, and list prices. Wir- 
ing diagrams and other illustrations are 
included. General Electric Co. 
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MAGNETIC LAMINATIONS—Ixpanded 
magnetic laminations catalog describes 
standard lines of laminations, laminated 
cores and dies. Sixteen-pages of lami- 
nation speciheations sheets are included 


MiL20] 


vidual laminations to actual scale, as 


in the catalog showing indi- 


well as properties of square cross- 
section core stacks, and weights and 
different 


laminated core 


counts tor materials. Text 


discusses assemblies, 
mechanical and magnetic parameters 
and lamination tolerances. Magnetics, 
Ine. 
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MOTORS AND DRIVES—‘Motors and 
Drives for the Machine Tool Industry” 
is the title of an illustrated brochure 
providing information on special and 
adjustable 
speed drives. Data and illustrations are 


standard motors and on 
provided for more than 15 motors and 
additional 
showing typical applications. Typical 


drives, with photographs 
units described include totally enclosed 
fan-cooled motors, rapid reversing mo- 
tors, and the Electronic Select-A-Spede, 
which makes possible infinitely adjust- 
able speed ranges of 100:1. The Louis 
Allis Co 
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ELECTRICAL STEEL SHEETS, COILED 
STRIP— Selenium rectifiers that are 
properties of electrical steel sheets and 
coiled electrical steel strip are pointed 
out in Technical Bulletin EM 21. Text 
and an extensive series of graphs also 
list specifications and offer engineering 
and application data 
lum Steel Corp. 


Alleghany Lud- 


Circle No. 127, Reader Inquiry Service Cards 
preceding back cover 


HIGH TEMPERATURE SELENIUM REC- 
TIFIERS— 
capable of operating at plate tempera- 
tures of 150 C without derating are 


Selenium rectifiers that are 
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[MAiLory | 


These contacts look alike, but one of them 


made from a more readily fabricated alloy 


recommended by Mallory .. . costs 32‘ 


i, less! 


Mallory Engineered Materials Selection 
Can Cut Your Contact Costs 


Mallory Contact Engineering 
Offers Five Ways 
To Improve Economy 


The most effective contact material fron 
the extensive line developed by Mallory 
More economical allo often can \ 


actual service condition 


The most economical contact design 
for your purchasing, production and prod 
uct nee d 


The most economical backing material 
from a group of Mallor 


alloy ae vel 
oped for this use 


The most economical backing member 
design in relation to contact and prod 
uct design requirement 


The most economical method of assembly 


f contact and backing member 


Oo 
By coordinating all these in port 
contact design, Mallory 
effect a long-range 
cost and a 


ant element 
can help 
plan lor 
uring peak pertor! 


ou put ] 
cutting 


ance 


cont 


Serving Industry with These Products 


Electromechanical—Resistors * Switches * 


Television Tuners « 


Electrochemical Capacitors © Rectifiers © Mercury 


Metallurgical— Contacts * Special Metals and Ceramics 


f READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Vibrators 


eS the 
~ your product 


contact material that exactly matches 


requirements can often reduce over-all 


contact costs. For example, designers of a circuit breaker 


selected one of the Mallor 
tacts. This is a 


with high resistance to 


Elkonite® materials for the con 


uperior material for heavy-duty service 


’ 


ticking and are erosion 


Mallory engineers examined the product requirement 


The 
content 
thi 


material invols 


and recommended a el 


ELKONITE, a 


vive 


lange in material 


found 


another higher silver material, 


would excellent performance on medium-duty 


application. And because thi ed fewer man 


ufacturing operations, the contacts could be made at lower 


cost. The customer’s savings 


amounted to $10.16 per thou 
sand 
Mallory engineers are especially 
get the best 
‘I hey 


a total of over $8,000! 


well qualified to help 
and performance in 


You 


econon your 


M allor 


And their extensive applica 


contacts 


have a uniquely broad 


which 


range ofl contact 


alloys irom to choose 


tion experience aluable in coordinating all phases of 


contact, backing member and assembly design to assure 


Write or 


your particular application 


you ol top Value or our 


Mallory for 


contact dollar 


call 


a consultation on 


Expect more...get more trom 


P._R.MALLORY &@ CO. inc 


Batteries 


* Welding Materials 


Pp. BR. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 





| described in Bulletin HT-1. Develop 
ment of a new artificial barrier layer 
and counter electrode has resulted in 
this improvement. Ratings and char 
acteristics are covered. Sarkes Tarzian, 
Inc., Reetifier Div 


Circle No. 128, Reader Inquiry Service Cords 
preceding back cover 


| INTEGRAL HP MOTORS—Single phase 
| and polyphase, dripproof integral 
| horsepower motors are the subject of 
| an illustrated brochure complete with 
| cutaway views showing design features 
| of both types. Available ratings range 

through 10 hp polyphase and through 

5 hp single phase. Features pointed out 


METAL } ine lude a totally enclosed fully pro 
ACTUATING tected starting switch located in the end 


frame. A. O. Smith Corp. 


BUTTON METAL Circle No. 129, Reader Inquiry Service Cards 
SWITCH preceding back cover 


CASING 
EPOXY RESIN SYSTEMS—Applications 


of epoxy resins described in an illus- 
trated 4-page brochure include potting, 


impregnating, encapsulating, as well as 


SILICONE, casting, laminating and dip-coating 
NEOPRENE, with limited impregnation. Specifica- 


tions are provided for clear epoxy and 


or VINYL mica-filled resins and glass cloth epoxy 
CASING laminate. Features and applications of 


available resins and hardeners, to- 


gether with their curing temperatures, 


| are presented in tabular form. Furane 


SINE CURVE | Plastics Inc 


i | Circle No. 130, Reader | Service Cards 
SNAP-ACTION x ~ P semanas co aaer aie 
ELEMENT 


SWITCHES FOR’ ELECTRIC APPLI- 


~ 4 ANCES, MACHINERY, TOOLS—Ten 
7 ~ page catalog describes extensive series 


of switches for lighting equipment, as 


Normally 
Closed 
STATIONARY Normally chinery, tools and appliances. Available 
CONTACT Gos 


are universal lever and toggle-typ: 


STATIONARY §& \ = oe . — ares in a 
switch use Ooggie switches have colores 
CONTACT 


well as for use on fractional-horsepower 
motors, fans, heaters, air conditioning 


units, other electrically controlled ma 


levers. Also shown and described are 
typical special-order models, made to 
customer specifications. McGill Manu 
mplete sealing fron effects of facturing Co., Inc. 


] ‘vi — 
a ous ® V bration ach 


felall Circle No. 131, Reader Inquiry Service Cards 


preceding back cover 
, 


eleleme 
FIRE-RETARDENT EPOXY CASTING 
RESIN—Four-page bulletin describes 
and list the properties of a modified 
epoxy casting resin, Airtemp 316, and 
a free-flowing white powder, Hardener 
116. Second bulletin presents data on 
Curing Agent 105, which when used 


CONTROL PRODUCTS - INC. ae eran ee anes som 


polymers with heat distortion values 
306A SUSSEX STREET @ HARRISON @ NEW JERSEY up to 150 C. When the modified epoxy 


casting resin 316 is cured with Hard- 


OL ea AA ee — MLA Le ener 116, it forms an infusable thermo- 


| setting polymer exhibiting superior fire 
| retardency and a high heat distortion 
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New Silicone-Glass Insulators 
Meet Class H Specifications 
Are Stronger, Easier to Use 


Production methods developed by Sili- 
cone Insulation, Inc., New York City, 
the 


silicone-glass 


reduce cost of molding one-piece 
laminated coil 


and other Class H components. 


bobbins 
l isers 

save assembly costs. 

In 


with 


the bobbins, cloth 
Dow 2104 

flares out from the cores into flanges pro 
viding that 
are easy to handle for quick assembly, and 


glass impregnated 


Corning Silicone resin 





completely unified structures 


exceptionally strong in proportion to their 


wall thickness. Tolerances may be held as 


low as + .001”. 


These one-piece laminated bobbins are 


serviceable at Class H temperatures; show 
no tendency to break at the joints, crumble 
delaminate. 


or Already in use by several 


leading manufacturers of 


relay S, 


high tempera 


ture transformers, 


they 


solenoids and 


controls, available 


of 


are in a wide 


range sizes and dimensions, and may 


have as many as Six integral flanges 


Price-wise, silicone-glass laminated bobbin 
compare 


Class H 


mit 


favorably with 


conventional 


assemblies. Low mold costs per 


production runs of as few one 


No. 12 


as 
hundred parts 


New 1956 Reference Guide to Dow Corning 
silicone products briefly reviews properties and 


applications of the silicone fluids, compounds, 
resins and rubbers that are most com 


monly used 


greases, 
Indexed by application, this new 
12-page reference guide includes basic informa 
tion on liquid dielectrics, dielectric compounds, 
electrical insulating resins and varnishes, Silastic 
and Class H components No. 13 





ATLANTA * CHICAGO + CLEVELAND + 


Canada: Dow Corning Silicones 


2 2 


Ltd., 


DALLAS * 
Toro 


an 


| Silicone Insulation Adds Life, Cuts Size 


Silicone Dielectrics 


ELECTRICAL AND ELECTRONIC NEWS 


No. 3 


New Silicone Varnish Improves 


Performance of Class B Machines 
Sylkyd 


dipping and impregnating varnish 


1400, a new modified silicone 


makes 


| possible the production of more durable 


} more 


Of Miniature Motor in B-52A Bomber | 


PROBLEM 


Ambient temperatures range from 
300 F. 


65 to 


| 


| 


Size and weight must be held to a minimum. 


Maximum reliability is imperative. 
To meet those requirements, design a minia- 
ture a-c motor for continuous duty in the 


oil temperature controller for the Boeing 


B-52A Stratofortress. 
SOLUTION: 
Design the 


of 


best 


engineers with 


Manufacturing The 


solution 


Division Garret 


Corporation found the 


that problem in electrical insulating ma 


terials and high temperature paints made 
with Dow Corning 


silicone. Dow Corning 


33 Grease solved the bearing problem. 


bonded asbesto 


the 


A silicone 
by 

lator Company used 
Dow 


manulta 


glass laminate 


Varnish 


for 


made Irvington 


and Insu 
lot and phase 
insulation Corning S 
magnet wil 
Wire Inc I used 
Silicone-gla 


lamination 


tured by 


in the winding 
laminate 


and 
tied 


used for end 


End 


impregnated 


slot 


dge 
Silastic 


connec 


tions are with 


gla cord 
Silastic-impregnated Turbo 117 
made by William 


glass sleev 


ing 


grand and Com 


pany connection 


ind out landing 


{1 with Dow Corn 

ish and baked 

tator painted with 

black silicone enamel 
Midland 


at 400 
Sicor 
nanufactured by 
Industrial Finishe 

The ball 
Dow 


he irings ire with 


Corning 33 silicone grease 
ervice al 


300 | 


long temperatures ranging 


No. 14 


from 65 to 


DETROIT * LOS ANGELES + 


nto; Great Britain: Midland S$ nes 


AiResearch | 


to | 


yikyd enameled | 





Hi-Temp | 


NEW YORK + 


reliable Class B electrical equipment 


Highly resistant to heat, it also has exc ellent 
bond 


trength and outstanding resistance 


to morsture 


\ elerated 


aboratory 


oil and degrea ing solvents 


life 
indicates that the insulating life 
of Sylkyd 1400 at a 
nperature of 130 C is 
that Class B 
hown in the graph 
this 


testing In Our motor test 


' 


tancy hottest 


pot t 25 to 50 


time ot varnishes As 
life 
that 


varnishes 


the dielectric 


new varnish 


approaches 


traight silicone (Class H) 


1400 appears to be particularly 


on railroad traction motor and 


heavy duty equipment subject to 


overload ind 
| 


period cleaning 
than Cla B 
life and 


No 


expe n 


ivé 


en the extra reli 


15 


n into consideration 


Send Coupon for More 
Information 


DOW CORNING CORPORATION - Dept. 4501-A 


Midland, Michigan 


Please 12 


send me 
NAME 

TITLE 
COMPANY 
STREET 

CITY 


ZONE STATE 


WASHINGTON, D.C. (Silver Spring, Md.) 


td 


France 
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FAST RELIABLE DEFROSTING WITH | 
SILASTIC INSULATED LEAD WIRE. 


Take temperatures low enough to pre- 
serve frozen foods in an open display 

case and high to defrost a 
case in a hurry, and you have an ideal | 
climate Silastic’. 
ranging 
Silastic 
the 


defrosting 


enough 
for Serviceable at 
—100 to 
lead wire 
fast 
for 


temperatures 
500 | » 


from 
insulated 
solved 


problem of a and 


reliable Tyler 


system 
Refrigeration Corporation, 
Originator and leading producer of 
Iyler employ 
for fast 

daily 
tures at the terminal connections may 


40 F to 


Ope n 


j 
iWrosven 


food dj play case 


high powers d strip heaters 


auto 


matic defrosting I wice tempera 


jump 
a high of 212 I 
40 to 


from a low ol 


ind re lor 


main there 


i time At 
rubber 


SO minute at 


uch temperatures, the organic 


insulation on conventional lead 


vine deteriorates ted 


rapidly { 
the loss of 


nexpec 


failure could mean hundreds 


of dollars worth of frozen foods 





liminated the 


dic 


nderwrite! 


insula 
and 


iii 


possibility of 
to high temperature 
"approval at the 
pecifying lead 


In the 


wire insulated 


thousands of frozen 


that have been put into servic 


19S] 


been reported 


no lead wire failures have 


Xtra protection against moisture 


‘ | ; 
ion, Tyler coat he conn 


nd the bare 


a non-melting 


tween the terminal 


Dow 


trip 
with Corning 


diel 


Wate! 


proof silicone ctric compound, No. 63 | 


Silastic, the Dow Corning silicone rubber, keeps 
its shape 100 to 500 F 


withstands weather 


stays resilient from 


resists hot oils and chemicals 


ing ozone and corona; and is an ideal dielectric 


material. Properties of Silastic are fully detailed 


in new reference brochure No. 64 


ATLANTA * CHICAGO + CLEVELAND - 


Canada 


DALLAS + 


OVEN-HOT AIR USED TO COOL 
SILICONE INSULATED EQUIPMENT 


Cool electrical equipment with air that 
has a temperature of 250 F? Yes you 
can, providing the equipment is 
tected with 
sulation. 


pro- 
Dow Corning silicone in- 
how Westinghouse 
engineers put 250 F air to work cooling 
their new 40 kva, 400 cycle alternators 
or a-¢ 


Here’s 


generators for jet planes. 
When 


altitude 


1 jet plane is hurtling through low 


atmosphere at the speed of sound 


air available for cooling purposes may 


S50 | Far 


electrical 


have a te mperature as h gh a 


from cooling organi 


insulating 


materials, these high ambients cause them 


order! At 


temperature 


to burn up in short high alti 
drops to 1) F, 
has le heat- 


altitude 


tude ilf 


but the air is so thin, it 


absorbing power than at low 


That’ why Westing! ( 
(Cla H) 


alternator 


ilicone 


insulation their jet plane 


Oper ible ul 
1K0 | 


temperature in 


the range of and higher, the silicone 


insulation | ictually cooled by air hot 


nougn to cau 


rapid failure of ordinary 


materials, 


iximum cooling effect at any 


tinghouse alternator is 


and 


critl 


hood combination 


al pole and rear 


of i 


oni ista S 4 the 


exceptional 


oxidat 


Dow 


rmal stability 


Corning 4 e iS to lubri 


No. 65 


used 


the bearing 


New 1956 Reference Guide to 


silicone products briefly reviews properties and 
applications of 


Dow Corning 


silicone products most 


this 


a definite aid to design engi 


widely 
used 


Indexed by application all-new 


guide will prove 


neers concerned with product improvement and 


No. 66 


cost reduction 


DETROIT * LOS ANGELES + 


Great Britain: Mid i Si nes 


NEW YORK + 
Ltd., Lo 


silicone News 


FOR DESIGN ENGINEERS 


Pressure Sensitive Silicone Tape 
‘Welds’ Seam in Hot Water Heater 


New opportunities for product improve- 
ment and production economies have 
opened up by the introduction 
of heat-stable, waterproof tapes made 
with pressure 
Adhesives. 


been 
sensitive Dow Corning 
Such tape forms a water 
seal that retains adhesive 
strength at temperatures from —100 to 
550 F. Here’s how White 
Corp., Middleville, Mich., replaced a 
welded joint; saved production time and 
cut unit costs with such tape. 


resistant 


Products 


A leading producer of hot water heaters, 
White 


operate their tank plant overtime to meet 


frequently found it necessary to 
production demands. One of the most time 


the plant 


welding a com 


consuming jobs in 


was hand 


bustion-cham- 


ber skirt to the 


base of each 
heater to com 
ply with Ameri 
Gas Asso 


ciation 
ments 


can 
require- 
for the 

prevention of 

flue gas escape. 
In 1954, at Mystik 
Adhe White production 
men tried sealing this 48-inch seam with a 


the suggestion of 
ive Products Co., 
new Mystik tape coated with Dow Corning 
Adhesive. The passed all AGA test 

including constant high and 
temperatures in the range of 520 I 


thi 


eal 
fire surface 

With 
new tape, White realized material sav- 
amounting to 7c a 


ings unit 


in the tank plant has doubled 


Production 


No. 67 


Design Edition 16 


DOW CORNING CORPORATION - Dept. 4501-B | 


Midland, Michigan 


Please send me 63 64 65 66 67 
NAME 
TITLE 
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STREET 
CITY 


ZONE STATE 


WASHINGTON, D.C. (Silver Spring, Md.) 


France: St. Gobain, Paris 
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point. Test pieces did not crack when 
subjected — to repeated temperature 
eveling between —55 and 150 C. Aries 
| aboratories, Inc 


Circle No. 132, Reader Inquiry Service Cards 
preceding back cover 


THERMOCOUPLE CONVERSION TABLES 
—Inecorporating recent changes in elec- 
trical units and temperature = s« ale, 
Bulletin F7255, “Standard Conversion 
lables,” gives thermocouple tempera 
ture-millivolt, equivalents. Wheelco In- 
struments Div., Barber-Colman Co 


Circle No. 133, Reader Inquiry Service Cards 
preceding back cover 


ELECTRONIC CONTROLS —-Basic elec- 
tronic circuits normally used in all 
types of Dynamatic Eddy-Current Ad 
justable-Speed Drives are discussed in 
an illustrated 16-page bulletin. De 
~cribed in detail are the principles 
utilized to accomplish stepless speed 
control of eddy-current rotating equip 
ment. Additional information is pro 
vided on the installation, performance 
ind maintenance of the basie control 
Dynamatic Div., Katon Manufacturing 
Cao 


Circle No. 134, Reader Inquiry Service Cards 
preceding back cover 


STAINLESS BRAZING ALLOY—Data 
-heet No. 12 describes a stainless braz 
ing alloy in paste form, the new 
Nicrobraz Paste, listing composition 
and properties as well as outlining 
recommended brazing applications, Ad- 
ditional information is provided on ap 
plication procedure and methods for 
removing flux and separating joints 
brazed with the paste. Stainless Proc 
essing Div., Wall Colmonoy Corp 


Circle No. 135, Reader Inquiry Service Cards 
preceding back cover 


PORTABLE ELECTRIC CORDS—MVore 
than 12,000 individual tests were made 
prior to development of Laytex Royal 
Master portable cord. Charts and text 
of an illustrated booklet show its ex 
cellent long-life performance ability 
when compared with the weighted 
average of mold-cured (lead vulcanized ) 
cords and with the weighted average 
of cords cured by the continuous 
vulcanization process. The cord bears 
(L-approval for Types SO and SJO 
It also meets the flame resistant require 
ments of the Bureau of Mines, as well 
as complying with applicable UL, 
NEMA, and ITCEA sper ihe ations 
United States Rubber Co 


Circle No. 136, Reader Inquiry Service Cards 
preceding back cover 


TRANSFORMERS — Complete with a 
coded index, 36-page catalog lists and 
describes a complete line of trans- 
formers, filters and high Q coils for 
military and industrial equipment, as 


well as for use in communications 


READER INQUIRY SERVICE CARDS, PRECEDING 


Ss 


4-pole,4-coilshaded * 2-pole, shaded pole 2-pol 
pole AC Induction « AC Induction Type »« AC Induction Type * AC 


2 


Reversible Type AC = pole AC Induction = AC Ind 


GENERAL INDUSTRIES 


Fractional HP. Motors 
1/40 HP. to 1/1100 HP. 


Quiet Operation, an important factor in most 


small motor applications, is an outstanding 
feature of all GENERAL INDUSTRIES 
FRACTIONAL HP. MOTORS. 


® Quiet operation, rugged construction, longer life 
these are the qualities that have become synonymous with 
General Industries 1/40 HP. to 1/1100 HP. fractional hp. 
motors. Gl motors, backed by over a quarter century of 
design leadership, are the first choice of manufacturers who 
have learned to rely on GI. You, too, can have that “extra 
assurance” of quality performance that comes when you 
specify Gl! 


MODEL B + MODEL A MODEL C ! MODEL & 


e, shaded pole ; 4-pole, shaded pole 
Induction Type 


Write for Complete 
Specifications and 
Quantity - Price 


° Quotations! 
MODEL O +: MODEL D MODEL F 
pole Capacitor . 4-pole,4-coil shaded 2-pole, shaded pole 
uction Type 


only (for 6, 12, of * Type 


BACK COVER 


24 volts) 


. 


MLL ee 


DEPARTMENT GL *« ELYRIA, OHIO 





Low in Cost — Small in Size - Dependable 
in Performance — AC or DC 


For industrial 


smoke detectors 


LE soe 


ug PERE a 
ee eel 


For television ——— 


screen enlargers 


COOH EEE EET HEHEHE HEHEHE ED 


jet aircraft 
preheaters 


eo, t 
as For radio 
transmitter ponels 


COREE HEHEHE HEE HEED 


i 
or 


TE 
NU i nee 


For auxiliary 
gas engine 
generators 


el ae 


N ADDITION R-B-M General 

Purpose Relays are used on 
\-Ray apparatus, permanent 
wave rie hines, wire record. 
ers, automotive radio tele- 
phone communication equip- 
ment, vending machines, coin 
operated phonographs and 
many other applications. 


Let R-B-M engineers and production facilities serve you. 
Phone 5121 or write Dept. B-1. 


Controls for Electronic, 


equipment and laboratory and other 
applications. Text, tables, as well as 
curves and other illustrations are used 
to provide complete specifications on 
transistor transformers, toroids, her- 
metically sealed transformers designed 
to comply with MIL-T-27 specifications 
and other types. United Transformer 
Co, 


Circle No. 137, Reader Inquiry Service Cards 
preceding back cover 


VINYL COMPOUND FOR 80 C APPLI- 
ANCE WiRE—Ten-page brochure is the 
UL report for a versatile primary and 
general-purpose jacketing compound, 
VFD-9033 which has received UL List- 
ings for T, TW, and 60 C, oil-resistant 
wire, and for 80 C appliance wire. A 
vinyl compound, VFD-9033 is said to 
meet all the requirements for Class 2 
thermoplastic insulated wire specified 
in Underwriters’ Cord and Fixture 
Standard. Bakelite Co., Div. of Union 
Carbide & Carbon Corp. 


Circle No. 138, Reader Inquiry Service Cards 
preceding back cover 


HIGH POTENTIAL INSULATION TEST- 
ERS——Semiportable Hypot high poten- 
tial, high capacity insulation testers 
Series 500, are described in an illus- 
trated 
designed to AIEE specifications and are 
useful for laboratory and other testing 


1-page brochure. Testers are 


requirements, Maximum voltages range 
up to 30,000 volts a-c, and capacities 
up to 1.5 kva. Operating safety features 
and other advantages are 
pointed out. Associated Research, Inc. 


Circle No, 139, Reader Inquiry Service Cards 
preceding back cover 


design 


SOLENOID-OPERATED OIL AND AIR 
VALVES—Two bulletins provide speci 
fications for air valves for 0 to 250, 
1000, and 1500 psi service, and oil 
valves for 0 to 250, 1500 and 3000 psi 
Information is provided on valve char 
acteristics, flow patterns, overall di 
Ilustra 
Barksdale Valves 


Circle No. 140, Reader Inquiry Service Cards 
preceding back cover 


mensions, and ordering data 


tions are included 


CENTRALIZED LUBRICATION SYS- 
TEMS—<Actual operation of centralized 
lubrication system is described in words 
and pictures in a 20-page booklet com 
plete with flow diagrams. Design fea- 
tures include elimination of springs 
check valves and small ports, as well as 
use of only two moving parts and posi 
tive indicator at every bearing. System 
will distribute either oil or grease. The 
Farval Corp. 


Circle No. 141, Reader Inquiry Service Cards 
preceding bock cover 


Refrigeration, In- 


R-B-M DIVISION 
dustrial, Appliance, 


ESSEX WIRE CORPORATION Communication and 


Logansport indiena Automotive Industries 


INFRARED DETECTORS—Infrared de- 
tectors used as sensing elements in 
radiometers, pyrometers, and infrared 
spectrometers and other instruments 
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Again CTC comes up with an ad your components problems. For sam 
vancement for more secure, more effec ples 


specifications and prices write to 

tive electronic assemblies. It’s the new Sales Engineering Dept., Cambridge 

Perma-Torqg* constant tensioning de Thermionic Corporation, 453 Concord 

vice for tuning cores of standard CTC Ave., Cambridge 38, Mass. On the West 

ceramic coil forms Coast contact E. V. Roberts, 5068 West 
CTC’s Perma-Torqg, a compression Washington Blvd., Los Angeles 16 or 

spring of heat treated beryllium copper 988 Market St., San Francisco, Cal 

has very high resistance to fatigue and 

keeps coils tuned as set, under extreme IEW PERMA-TORQ UNITS come completely 


factory assembled to mounting studs, eliminating 
shock and vibration. It allows for im the bother of assembling and adjusting separate 


mediate readjustment without removal locking springs. CTC coil forms with Perma-’Torg 
or loosening of any mounting nut o1 rate Gp ggg dln eg Bete bles + 
locking spring. But most important of with the LST, LS5, LS6 and 137 series, and are 
all Perma-Torg like all CTC com available at no increase in price 
ponents is quality controlled. 

CTC’s quality-control means you get 
consistent top quality components 
Each step of production is checked, 
each component part even though 
already certified is checked again 
And finally CTC’s finished product is 
checked. That’s why CTC can offer you 
a guaranteed electronic component 
shiceaadll ate mnaiene whose perform CAMBRIDGE THERMIONIC CORPORATION 
“a ee nen iii makers of guaranteed electronic components 


perts are always available to help solve custom or standard 


*Patent pending 


ARDS, PRECEDING 





BIG CAPA 
Small 


Fansteel Tantalum Capacitors 
offer practically unlimited 

life cither in use or on 

the helf. They have a 
maximum d-c leakage of only 
Q.Q00008 ampere and 
thei table characteristics are 
unchanged over a wide 


te mperature range 


‘This stability results from the 
tantalum oxide film employed 
in these Fansteel ¢ apacitors 
the most stable dielectric, 
chemically and electrically, 


yet discovered 


Only a partial listing of 
Fansteel Tantalum Capacitors 
is shown at right. 

‘The 87 sizes and ratings 
lanstecl can supply are 


available from stock. 


Send for 
bulletin 6.100 


FANSTEEL METALLURGICAL CORPORATION 


Fansteel 


North Chicago, Iilinois, U.S.A 


TANTALUM CAPACITORS... 


DEPENDABLE SINCE 1930 


are described in an illustrated 2-page 
bulletin, describing the characteristics, 
construction, circuitry and applications 
of these high-speed thermistor-type sens 
ing elements. Infrared Div., Barnes 
Engineering Co 


Circle No. 142, Reader Inquiry Service Cards 
preceding back cover 


DEPOSITED CARBON RESISTORS——bul- 
letins 7D, 6D, and 50 provide complete 
technical data on molded desposited 
carbon resistors, hermetically sealed 
deposited carbon resistors and deposited 
carbon resistors, respectively. The 1 
watt Model DCM1/2 molded deposited 
carbon resistor is designed for applica 
tions requiring stability, small size and 
ratings based on full load at 70 C. 
\ll three bulletins contain application 
is well as specification data. Electra 
Manufacturing Co. 


Circle No 143, Reader Inquiry Service Cards 
preceding back cover 


PLASTICS-JACKETED STEEL—Suitable 
for wire harnesses, instrument handles 
and similar applications, Met-L-Tape 
utilizes a steel strap, wire (or other 
metals) as a core; over this core is 
extruded a jacketing material of vinyl, 
polyethylene or nylon. Two-page techni 
cal data sheet provides general infor 
mation, specifications and applications. 
The Garrison Co 
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RELAYS—Typical of the variety of re- 
lay types described in a 4-page bulletin 
are telephone-type relays; midget 
power relay for dynamotor starting; 
and communication pene ral purpose 
and power types. Subminiature models 
and multiswitching types are available 
Additional data are provided on avail 
able mountings, enclosures and dimen 


sions, AEM¢ A ), Inc 
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VARIABLE SPEED REDUCERS Iilus 
trated brochure describes the Zero-Max 
infinitely variable speed reducer, a me 
chanical power transmission. It is de 
scribed as a constant torque device with 
a high safety factor, since intermittent 
nominal overloads do not damage the 
unit. In all, 77 features are described 
Tables provide full specifications on 
both standard and special types, with 
illustrated case histories showing typi 
cal industrial applications. Revco In 
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MYLAR POLYESTER FILM—Applica 
tions of Mylar polyester film in elec 
trical and electronic products ire 
pointed out in an %-page brochure show 
ing latest industrial uses and present 
ing detailed physical and chemical 


properties. Illustrations show how My 
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lar is being used in motors, formed 
coils, capacitors, transformers, and as 
wire insulation. E. I. DuPont cde 
Nemours & Co 
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SILICONE REFERENCE GUIDE—1H{al! 
again as large as last year’s Reference 
Guide to company’s silicone products 
1956 edition describes almost 150) of 
the most generally used silicone prod 
ucts, 18 of which were first introduced 
within the last 12 months. Products 
are grouped by physical form and 
cross-indexed by usage. Charts, tables 
graphs and application illustrations are 
included. Dow Corning Corp. 
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ENAMELING !RON—lJIndustrial advan 
tages of porcelain enamel include re 
sistance to thermal shock and non 
inflammability. Other advantages are 
also pointed out in a 30-page booklet 
describing the mechanical properties 
and available grades of fabricator’s 
Enameling lron, a sheet metal made 
especially for porcelain enameling. Use 
ful reference material includes recom 
mendations on the design of porcelain 
enamel parts. Armco Steel Corp. 
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GERMANIUM RECTIFIERS AND STACKS 
—First of two new bulletins is a 4-page 
brochure, “Federal Germanium Diffused 
Junction Power Rectifiers,” describing 
the IN9], IN92, IN93, and 1N368 se 
ries——rectifiers with a 95 per cent efh 
ciency and ratings from 75 to 150 milli 
amp d-c output. The second booklet 
“Federal Diffused Junction Power 
Stacks” describes a series of over 100 
germanium stacks employing diffused 
junction rectifiers to obtain higher 
power. Federal Telephone and Radio 
Co., Components Div 
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MOLDED BORON CARBON RESISTORS 
—Bulletin B-8a contains comprehensive 
data on '% watt molded boron-carbon 
resistors recommended for use in am 
plifier and computer circuits, as well as 
in voltmeter multipliers, decades, di 
vider circuits and bridge circuits. Re 
sistance values range from 10 ohms to 
0.51 megohm. International Resistance 
Co 
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STAINLESS FASTENER DATA BOOK— 
Complete with thumb-index for easy 
reference, 52-page data book lists in its 
first section thread and size specifica 
tions and availability in a variety of 
corrosion resistant metals, of 40 basic 
fastening devices. The second part con 


READER INQUIRY SFRVICk CARDS, PRECEDING 


Size 
PENDABLE! 


ee) Tid Nels 


Fansteel 


ELENIUM 


FIERS 


Continuous operation at 

100°C requires no derating 
whatever in the output of 
Fansteel High-Temp Selenium 
Rectifiers. They were 
developed to deliver full 

rated power output up to this 
spec ified ambient temperature 
And at higher temperatures, 
up to 150°C (302°F), only 


moderate derating is required 


All standard cell sizes and 
circuit arrangements are 
readily available. The table 
at left indicates only a partial 
list of over 100,000 types. 
And all Fansteel High 
Pemperature Selenium 
Rectifiers are available with 
standard protective finishes 
that resist moisture, fungus 
or salt spray, the latter 


meeting MIL specifications 


Send for 
bulletin 6.401 


FANSTEEL METALLURGICAL CORPORATION 
North Chicago, Iilinois, U.S.A. 


Seager ee seee  e..lUhl,.DUmUlUC UU 


BACK COVER 





by 


YOUR COIL 


ry ones 


Ae 


Our special machinery and high production methods work in com- 
bination with rigid quality control to provide you with the finest 


in coil bobbins at lowest possible cost. 


Your specifications are met to the most critical tolerances. Work- 
manship is precise and carefully inspected. You can order in 
quantity, in any size or shape, flanges of all types, and be sure of 
uniformity throughout. Only fine dielectric materials are used — 


kraft, fish paper, acetate, phenol impregnated or combinations. 


With Precision Bobbins you eliminate rejects, waste, loss of time — 
get better coils at less cost. Prove it to yourself! Send specifications 


for samples. Ask for literature 


PRECISION LOW COST PAPER TUBES 
& 
4 


~<a 


Order in any length, size, shape, I.D. or 
bn L f- 


O.D. and in any quantity. Precision Paper 


~~ 


we ‘Tubes are crush resistant and light weight, 
<r with exeellent dimensional stability. They 
“ are fabricated to the same high standards 


governing Precision Bobbins 
Send for samples and Arbor List of over 2000 sizes 


Sales Representatives in: 


New England: Framingham, Massachusetts, Trinity 3-7091 
Metropolitan New York, New Jersey 

Jersey City, New Jersey, Journal Squore 4-3574 
Upstate New York: Syracuse, New York, Syracuse 4 2141 
Northern Ohio, Western Penn.: Cleveland, Ohio, Atlantic 1.1060 
Indiana, Southern Ohio: Logansport, Indiana, Logansport 2555 
California: Pasadena, California, Sycamore 8-3919 


Canada: Montreal, Quebec, Canada, Walnut 0337 


PRECISION PAPER TUBE CO. 


2035 W. CHARLESTON ST. CHICAGO 47, ILL. 
Plant No. 2: 79 Chapel St., Hartford, Conn. 


tains engineering data on the composi 
tion properties applications and 
weights of stainless steel, as well as 
engineering reference tables. Allmetal 
Screw Products Co., Ine. 
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COLLOIDAL AND SEMICOLLOIDAL 
DISPERSIONS Revised 4-page booklet 
lists 42 colloidal and semi-colloidal dis 
persions for use as lubricants and coat 
ings. Data are provided on dispersions 
ot graphite molybdenum — disulfide 
mica, zine oxide. New is mica-and 
water product for use as a metalwork 
ing lubricant and as a dielectric coating 
Acheson Colloids Co 
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SILICONE RUBBER PARTS—VManura 
turing facilities ind available com 
pounds for silicone rubber parts are 
reviewed in an illustrated brochure 
Stressed are the availability of com 
pounds specially developed to nmieoct 
customer requirements and company 
experience in compounding and fabri 
cating silicone rubber Available are 
four classes of compounds each of 
which is briefly discussed. General 
Klectric Co 
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RADIAL-BEAM POWER TETRODES— 
Revised specification sheets provide 
data on the Eimac 4-250A and 4X150G 
radial-beam power tetrodes, the first 
of which has a maximum plate dissi 
pation rating of 250 watts and is in 
tended for use as an amplifier, oscilla 
tor or modulator. Model 4X150G_ is 
external-anode tetrode designed for 
use as r-l amplifier frequency multi 
plier, or oscillator at frequencies in 
the uhf region, as well as for other 
ipplications. Eitel-MeCullough, Inc 
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SPRING DESIGN—Entitled “The Re 
liable Story illustrated — brochure 
describes methods for specifying com 
pression springs and suggestions for 
selecting spring sources. Illustrated are 
the range of springs fabricator makes 
to specifications, as well as representa 
tive applications The Reliable Spring 


ind Wire Forms Co 
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DUAL AND SINCLE SOLENOID FOUR- 
WAY VALVES—Applications and fea- 
tures of Bulletin 8344 dual and single 
solenoid four-way valves are described 
in Technical Bulletin V5003. The valves 
are designed for control of double-acting 
pneumatic or hydraulic cylinders. Fast 


acting (up to 850 eycles per min 
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How to make 


Write for 


your copy 
“MAGNETIC MATERIALS” 


This 32-page book contains valu- 
able data on all Allegheny Ludlum 
magnetic materials, silicon steels 
and special electrical alloys. Ilus- 
trated in full color, includes essen- 
tial information on properties, 
characteristics, applications, et 
Your copy gladly sent 
request 


ADDRESS DEPT. EM-73 


free on 


SERVICE 


a Magnetic Core 


that’s really small? Use PERMENDUR! 


aan CB 


When the 


make it imperative for you to hold 


conditions of service 


the size and weight of magnetic 


cores atan absolute minimum, that's 
W ith 


it you can push the flux density up 


the place to use Permendur 
to 20 kilogausses, and practically 
eliminate weight as a consideration 

Along with its suitability for cores 
wherever the premium is laid on 
compactness, Permendur is just the 
thing for 
applications, too, We maintain 


proper annealing facilities for this 


sonar Magnetostriction 


STEELMAKERS to the Electrical Industry 


Allegheny Ludlum 


CARDS, PRECEDING BACK COVER 


alloy. Write for technical data on it, 
and let our cnpinecrs help you to 
cash in on its possibiliti s 

In addition to Permendur, we 
offer a range of high-permeability 
alloys, oriented silicon steels and 
that is un 
Qur 


most 


other electrical alloys 
matched in its completeness 
include the 


services also 


modern facilities for lamination 


fabrication and heat treatment 
Let us supply your requirements 
i/legheny Ludlum Steel Corporation, 


Oliver Building, Pittsburgh 22, Pa. 


| Steeis For TH 
\FLectRomic AG 





on the go with Plenco... 


Whether for precision clectronic components on 


mighty aireraft carriers or smooth-to-the-touch 
tray handles and tough, break-resistant service 
trays—designers and manufacturers are finding 
Plenco phenolics one of the important factors in 


the race for design and durability ata lower cost 


Plenco’s engineering and chemical research has 
developed a wide range of quality controlled 
phenolics, and can create spec ific characteristics 
to fit specific requirements. The result is more 


and more users of quality phenolics are turning 


to Plenco. 


If you are a manufacturer or molder—what- 
ever your needs, present or future—it will pay 
you to investigate Plenco molding compounds 


and industrial resins! 


PLASTICS ENGINEERING COMPANY  =PLENCO PHENOLICS 


Sheboygan, Wisconsin 


Serving the plastics industry in the manufacture of 
high grade phenolic molding compounds, 
industrial resins and coating resins 


the valves are suitable for air or hiv 
draulic fluid service from 10-500 psi 
Automatic Switch Co 
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CLAD METALS—tHile folder contains 
more than 30 pages of data sheets 
discussing applications and specifica 
tions of copper clad metal for ele 

tronic, communication, and other equip 
ment, and also for radio interference 
shielding. Joseph Kinney Co., Inc 
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CUSTOM PLASTICS SERVICE—F acili 
ties for producing parts ranging in 
complexity from a plastics nameplate 
or dial to a complicated slide-rule type 
computer of cal ulator, are reviewed in 
an illustrated brochure. Services in 
cludes de sign color selection. and 
printing, as well as laminating, drilling 
blanking, assembling, packing and 
shipping. Allegheny Plastics, Inc 
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MINIATURE MAGNETIC CLUTCHES 
AND BRAKES—Seven standard types of 
miniature magnetic ¢ lutches and brakes 
each of which is available in two sizes 
are described in 8-page catalog No. 955 
Available types are useful where a sim 
ple disconnect or nonchattering brake i- 
required, with special models available 
for continuous slip or for accurate ten 
sion oor torque control Units range 
upward in weight from 2'2 oz, with 
less than | in. OD, and delivering 30 
in.oz of torque on approximately 2 
watts of power. Dial Products Co 
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RUBBER PARTS AND PRODUCTS [ext 
and illustrations of a 4-page brochure 
show how the facilities of an experi 
enced fabricator of rubber parts, prod 
ucts and components can best be utilized 
for custom designing and fabrication 
starting with the design stage. Natural 
synthetic and. silicone compounds are 
ivailable, Except for standard indus 
trial O-rings, products are produced to 
customer needs. Recent developments 
discussed include = synthetic rubber 
compounds withstanding temperature 
ranges trom 65 to 300 F and 20 
to 400 F. Goshen Rubber Co., In 


Circle No. 161, Reader Inquiry Service Cards 
preceding back cover 


DESIGN FILE ON RUBBER-PHENOLICS 

Illustrated 32-page handbook is de 
signed to aid engineers in evaluating 
company’s rubber-phenolic molding ma 
terials. These compounds are based on 
a combination of phenolic resin and 
eynthetic rubber said to provide greater 


resistance to )6Gca@buse)6than) 6 standard 
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DESIGN 
ENGINEERS 


say this explosion-proof fitting we 
about 


"No matter what type of 


need, Crouse-Hinds has itl” 


CONDULE 


GASOLINE BLENDER CONTROL 
PANEL built by Proportioneers, 
Inc. for Shell Products 


REAR VIEW Pane! contains 58 
different types and sizes of explo- 
sion-proof Condulets—a total of 
715 in all 


4 Wl. you wille CONDULETS fill the bill” 


No matter how complicated your electrical conduit layout, you'll find everything 
you require in the Condulet Catalog. There are more than 15,000 different types 
of Condulets, plugs, receptacles, switches, controls, circuit breakers and lighting 


fixtures —for both hazardous and ordinary location: 


For complete freedom in layout design, get acquainted with Condulets. Catalog 
or Electrical Engineering Advisory Service available on request 


SYRACUSE 1, 
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for Completely Automatic 


ENVIRONMENTAL 
TEST EQUIPMENT 


in any combination 


AR designs, manufactures, and services 
a complete line of test facilities, includ- 
ing Fungus, Sand and Dust, Explosion, 
Rain and Sunshine, Special Air Chillers 
and Liquid Chillers, as well as Hydraulic 
Test Stands 

Write for our catalog or quotation, 


AMERICAN RESTARCH 


CORPORATION 
833 BROOK ST BRISTOL, CONN, 


phenolic - without 


ability 


sacrificing mold 
bulk factor or other desirable 
characteristics Four types are pre- 
ently available. Illustrated case histo 
ries demonstrate typical applications 
General Electric Co 


Circle No. 162, Reader Inquiry Service Cards 
preceding back cover 


TEMPERATURE CONVERSION TABLE— 
Iwo-color 8% x 11 in. chart contains 
i temperature conversion table convert- 
ing Fahrenheit to centigrade or vice 
100 to 4000 deg. It also 


hows the temperature range 


versa from 


ot various 
elements 
bulbs and 


Maximum limits for both continuous 


enesing thermo ouples, re 


sistance heads, 


radiation 
and intermittent services are also shown 
Thermo Klectri« Co In 
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MINIATURIZED PHOTOUNITS—\Viinia 
turized electric eyes, designed for meas 
uring and monitoring requirements on 
printing, packaging, counting and other 
equipment, are the subject of an illus 
trated 4-page brochure describing mini 
aturized units either 
Units 
are job-engineered for specific applica 
tions and operate on 110 volts, 60 
eyele ESS Instrument Co., Div. of 


KSS Specialty Corp. 


Incorporating 


trigger and measuring circuits 
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POTENTIOMETER RELIABILITY—W hat 


happens to the operating characteristics 
olf a precision potentiometer during its 
working life is discussed in “Precision 
Potentiometer Life & Reliability.” a 
paper originally presented at the 6th 
Annual Electronic Components Confer 
ence. Discussed are the effects of wear 
on operating characteristics (linearity 
total resistance, noise torque ind shaft 
play) and operating characteristics af 
fected during use. Helipot Corp 
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ELECTRIC COUNTERS AND ACTU- 
ATORS 


with life ratings from 200 to 300 million 


Klectrically operated counter 


are illustrated and de 
kE100. Models inelude 
panel-mount and dust proot enclosed 


“ay tilable for 60 0-50 or 25 


cribed in Catalog 


tandard-mount 


counters 
eveles and d- ind for practically am 
voltage to 220. Production In trument 
Cao 
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OIL TIGHT INDICATOR LAMPS -fea 


tures and 
lights for 


applications ot indicator 


heavy-duty industrial uses 
are detailed in an illustrated 4-page 
include built- 
in resistors for neon lamps, omnidirec- 


tional light 


brochure. Design features 


spread, one-piece solid 


HOW DOES GARRETT 
GIVE SUCH SERVICE? 


What others may call impossible 
Garrett comes through as routine 
service. It seems as though they 
treat each order as the only one in 
their three plants. Everybody pitches 
in for service with the customer in 
mind. 


If it is a stock item such as lock 
washers, flat washers, spring wash 
ers or hose clamps the order is usu 
ally on the way the same day. If it 
is stampings or assemblies Garrett 
engineers, production men and die 
makers team up to make their high 
speed automatic equipment really 
hum ... and your order is in your 
hands in half the time 


Want to be surprised by real serv- 
ice you can't beat? Next time send 
your order to Garrett for . 


LOCK WASHERS 
FLAT WASHERS 
HOSE CLAMPS 
SPRING WASHERS 
STAMPINGS 


Manufactured by 


GEORGE K. GARRETT CO., Inc. 
Philadelphia 34, Pa. 


OF PHILADELPHIA 
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* Control Components Digest * 


News and notes on resistors, rheostats, relays, motor controls, dimmers and other control components 


BIG MOON 


rather, on 


RADAR undergoing tests. Ward Leonard resistors 
help this gear stay on the air—o1 


like those 


in foreground 


space 


New moon radar to explore outer space 


The U.S. Army Signal Corps hasn't 
got a transmitter in outer space — yet 

So, for their continuing studies of 
radio wave propagation in space and 
the upper atmosphere, they bounce 
radio waves from their new high-pow 
ered radar, Diana, off the moon and 
planets and study the return pulse 

Designed and built by Radio Engi 
neering Laboratories of Long Island 
City, N. Y., the new radar transmitter 
puts out 50 kilowatts, continuou: 
wave, and may be pulse modulated at 


various pulse widths and repetition 


rates. Receiver gain is 170-db at bet 
ter than 3-db noise figure 

Throughout the equipment, high 
stability Ward Leonard resistors, like 
the big Vitrohm resistors shown above 
do duty as high-voltage bleeders 
surge and current limiting resistors 
and protective meter shunts in high 
voltage circuits. 

You'll find Ward Leonard Vitrohm 
resistors completely described in our 
64 page Catalog No. 15, together with 
nomographs and charts to help select 
them. Write for your copy today 


Relays mastermind traffic lights 


Sun, rain, sleet, snow, and continuous 
24-hour-a-day duty is the lot of this 
master traffic light controller. Four de- 
pendable Ward Leonard relays select au 
tomatic timing cycles. Two more relays 
allow remote control of off-duty flashing 
amber signals and signal shut down 
Learn more about these rugged relays in 


Ward Leonard Bulletin No. 110. 


Photo courtesy Crouse-Hinds Co 


SHE’S CHECKING CHART RECORD from X-ray 
spectrometer in Ward Leonard's te st lab 
Plant X-ray speeds quality control 
and helps catch crooks 
X ray 


eter tests insure high quality and uni 


diffractometer and spectrom 


formity of both raw materials and fabri 
cated Ward 
These instruments check crystal struc 
ture in ceramics, magnetic amplifies 


components at Leonard 


cores, contact metal, and resistance wire 
In off hours, they help the Mount Vernon 
Police and Fire Department put the fin 


ger on crooks and arsonists. 


AUTOMATION FOR MACHINE TOOLS i 


} simpli 
fied by this pres 


ision control pote ntiometer 


Control for machine tools 


Accurate electronic control 


COT pO 
nent for cutting tools, winders and pro 
essing machine drives is provided by this 
compat { precision potentiome ter 

\ half-inch plunger movement drives 
the metal alloy contact across the spec ial 
resistance element. Enclosure is compact 
Standard re 
ohms up to 25,000 
ohms on pecial order. Write for Bulle 
tin 68 


calibration is permanent 


istance — 10,000 


WARD LEONARD 77 
ELECTRIC COMPANY "== 
34 SOUTH ST.,MOUNT VERNON, WY. | Ub 

Reuk EE ry nceud Conliols Since (892 


RESISTORS - RHEOSTATS - RELAYS - CONTROLS - DIMMERS 
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indicator lights using incandescent and 


neon glow lamps. Accessories are fully 
ae described. Dialight Corp. 
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STEEL SPRING VIBRATION MOUNT- 


brass mounting bushing, and a perma- 

nently oil-tight lens cap. Photographs, 

Only ( lamp drawings, dimensional diagrams 
+ MINUTES 0 raze and full descriptions are given for 



























For joining non-ferrous metals, SIL-FOS is tops in INCS Heavy-duty general-purpose steel 
: 2 speed and economy. What's more, joints made with spring vibration mountings are re- 
. ' . viewed in an illustrated 4page _ bro- 
A. this remarkable low-temperature silver brazing alloy _ : 
I 8 y chure. Known as Finnflex Type SB, the 


SILFOS = are tops in strength, in electrical conductivity and in vibration mounting is said to combine 


corrosion-resistance. That's why so many electrical the desirable characteristics of steel 

manufacturers use SIL-FOS for making both current- springs, with damping, sway and thrust 

carrying and structural assemblies. control elements, to achieve a high 
degree of isolation. T. R. Finn & Co., 
Inc 
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Air Marine Motors, Inc., Amityville, New York — 


SEMICONDUCTOR DEVICES Series of 
a top producer of sub-fractional hp a.c. motors — 


data sheets cover the ratings, and indi 
se SIL-FOS to assemble rotors. Illustrations show cate applications of germanium and 
w they do it... with a setup that “‘automation-izes”’ silicon transistors, as well as of silicon 
ctual brazing. diodes, Individual data bulletins are 
provided on silicon junction diodes, 
grown junction silicon transistors, and 
germanium p-n-p transistors. Additional 
bulletins describe germanium switching 
transistors for general-purpose switch 
ing and computer applications. Texas 
Instruments Inc. 
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PRECISION ROLLER BEARINGS Forty 
page engineering manual discusses 
construction, dimensions, capacities, 
housing and tolerance fits of a com 
plete line of staggered radial roller 
bearings, designed for heavy-duty work 
Additional data are provided on full 
type and cage-type needle bearings, 
journal roller bearings, cam followers, 
cam rollers and thrust roller bearings 
Orange Roller Bearing Co., Inc. 
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Copper and brass end ring 
are induction brazed to cop 
per pins extending through 


THERMOSTAT METALS EQUIVALENCE 
CHART. Properties of thermostat met- 


als produced by four manufacturers are 


laminations. Parts are 
assembled on a 5-place fix 
ture. Handy Flux is brushed 
on. A SIL-FOS ring is simply 


are i et size ’ sti 
laid on top. Close-up shows compare d in & pot k t = the rmostat 
fixture in brazing position metals equivalence chart. In addition to 


providing data on fabricator’s thermo- 





Heating time for both ends 
5 rotors at a time, is just stat metals, chart lists data on equiva- 


4 minutes. At right is a fin lent products produc ed by Chac e. Cen- 
eral Plate, and Wilson American 


Silver Co. 


ished rotor a strong, per 


manent assembly 


GET THE AMAZING SH-FOS STORY IN FULL 


WRITE TODAY FOR BULLETIN 20 SHADED-POLE MOTORS — Designed for 


air conditioning and air moving appli 
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cations, line of shaded-pole motors 
described in an illustrated 4-page bro- 





HANDY & HARMAN 





manne chure are made to meet UL and 
General Offices: 82 Fulton $t., Mew York 38, M.Y. $ ANGLES. CALIF CSA requirements. Features include 
Ow AnNADa 
DISTRIBUTORS IN PRINCIPAL CITIES MONTREAL, CANADA die-cast and frames, large oil reservoirs, 
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KEADET 


G9. Gearing Takes Terrific Punishment in the ACME Steelstrap Stretcher 


ACME STEEL COMPANY specifies G.S. Gearing for the 
ACME Steelstrap Stretcher. Only Gearing of extreme ac- 
curacy and fine quality . . like G.S. Gearing . . can stand 
up under the gruelling service this sturdy Stretcher gives 


Critical customers from coast-to-coast have learned, through 
the years, to depend upon us implicitly for TOP quality 
Gearing in each succeeding shipment. Forty years of spe- 
cializing . . of developing and perfecting men, methods 
and machines .. has resulted in our mass producing Small 
Gearing to a degree of UNIFORM accuracy unapproached 
in the history of the industry! 


40 Yours of cfpecialging tn Small Gearing! 


If decidedly better, more uniformly accurate Gearing is an 
important consideration in your business, by all means write 
or call us NOW! Let our capable engineers help you.. 
preferably while the job is on the boards. Suggestions, 


ideas, and cost estimates do not obligate you. 


SEND FOR .. ovr 6-page Small Gearing Guide. It illus- 
trates and describes over 80 different types 
and applications of G. 5S. Small Gears, from 8 to 96 dp. Ask for 


it on company letterhead, please. 


FRACTIONAL Wo, 
‘ 





BAIR CCE 


pT ag 


Pe ee 
2635 WEST MEDILL AVENUE ~ 


Worm Gearing - Racks - Thread Grinding 
CHICAGO 47, ILLINOIS 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS OF FRACTIONAL HORSEPOWER GEARS 
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Products of 





Stevens Manufacturing Company, Inc., 


Mansfield, Ohio 


STEMCO TYPE A THERMOSTATS 


Stevens Manufacturing Company produces standard designed 
thermostats in a wide variety of types to accommodate volume 
production applications. Stevens-built thermostats are universally 
recognized for accurate performance and long service life and 
are to be found in leading makes of household appliances, elec- 
tronic equipment, industrial control apparatus, etc. — wherever 
sensitive thermally responsive regulation is required. 


One of the many Stevens thermostat designs which employs 
Chace Thermostatic Bimetal is the Stemco Type A, used to make 
and break circuit upon temperature change (either increase or 
decrease), within a range of —40° to +400° F. 


In the make position, current flows from terminal (1) to terminal 
(2) through contact spring (3) which is held closed by insulator 
button (4). Heat from the controlled device is transmitted to the 
bimetal thermal element by two means: first, by conduction 
through the metal housing (5) which is in contact with the device; 
and second, by radiation because bimetal disc (6) is in close 
proximity to the controlled surface. When preset temperature is 
reached, the bimetal disc snaps to reverse curvature. Since 
pressure on the contact spring is released, contacts (7, 8) quickly 
separate to break the circuit. As temperature drops to a pre- 
determined point, bimetal snaps contacts closed again. 


Chace Thermostatic Bimetal is available in 29 different types, in 
strip, coils, or in complete elements fabricated to customer speci- 
fication. Write now for 36-page booklet, “Successful Applications 
of Chace Thermostatic Bimetal,” containing information of value 
to designers of thermally responsive devices. 
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separate thrust bearings, aluminum 
rotor cage and resilient mounting rings. 
Performance data are provided on 
standard models with ratings from 1/35 
through 44 hp. Lamb Electric Co. 


Circle No. 172, Reader Inquiry Service Cards 
preceding bock cover 


HIGH-, LOW-TEMPERATURE CABINETS 

Data on a complete line of tempera 
ture cabinets ranging in size from 1 to 
5 cu ft are contained in an illustrated 
page bulletin. Temperature ranges 
available extend from 300 F to —200 F 
by mechanical refrigeration. All temper- 
atures are controlled in accuracy to 

0.2 F. Listed are 27 standard and 9 
optional features. Webber Engineering 
Corp. 


Circle No. 173, Reader Inquiry Service Cards 
preceding back cover 


ETCHED CIRCUITRY Etched circuits 
and related electronic components and 
assemblies are described and illustrated 
in a 4-page brochure. Data covers tube 
socket boards, etched circuit connectors, 
terminal boards (with or without etched 
circuitry), and commutators and coding 
disks. Complete engineering manufac- 
turing services are available. Graphik 
Circuits Div., of Cinch Manufacturing 
Corp. 


Circle No. 174, Reader Inquiry Service Cards 
preceding bock cover 


VINYL, POLYETHYLENE NOMENCLA- 
TURE Nomenclature changes for vinyl 
and polyethylene compounds are given 
in an 8-page booklet; changes are made 
primarily for a more systematic identi- 
fication; no changes in formulation are 
involved. Kac h new compound number 
is listed together with reference to the 
old number and a brief description of 
the compound. A new color identifica- 
tion system has also been devised. 
Bakelite Co., Div. of Union Carbide & 
Carbon Corp. 


Circle No. 175, Reader Inquiry Service Cards 
preceding bock cover 


AMERICAN STANDARDS INDEX—* The 
100 American Standards in the Ele 
trical Field” is a 60-page booklet in 
dexing available American Standards 
relating to electrically energized equip 
ment, machines and devices as well as 
for materials and components suitable 
for designed-in use in such equipment 
\lso briefly described are each of the 
current International Electrotechnical 
Committee recommendations and a list- 
ing of all projects under the jurisdic 
tion of the Electrical Standards Board 
\merican Standards Association. 


Circle No. 176, Reader Inquiry Service Cards 
preceding back cover 


ELECTRONIC WIRE AND CABLE—Cata 


log 55 contains complete descriptions, 


specifications and illustrations of the 
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equal forward 
and reverse torque output 


Both shoes are applied evenly with equal force and stopping 
action through a single, straight bore wheel cylinder. 


only 8 different parts, 


exclusive of wheel cylinder, the 
superior “DH” brake design reduces 
parts inventory and simplifies 
maintenance... actually 40% fewer 
parts than most competitive designs. 


‘DH’ DUPLEX HYDRAULIC 
BALANCED BRAKE 


designed for heavy-duty service 


Greater safety, immediate response, less maintenance 
and easier servicing are all a part of this rugged new 
hydraulic brake. 

Highly efficient, the “DH” brake is basically a self- 
energizing two-shoe brake in which both shoes do an 
equal share of the work and are applied to the 
brake drum with equal effectiveness in both forward 
and reverse directions. Floating shoe design elimi- 
nates heel and toe clearance problem: are available. A staff of experienced engineer: 

Far simpler, the “DH” brake has actually 40% fewer ready to assist you with any 
parts than most competitive designs. This results in 
smaller parts inventory and easier servicing. 


operators. Efficiency and design advantages are win- 
ning new uses for the “DH” brake every day 
“DH” Series Hydraulic Brakes are available in 


a 
broad range of capacities and sizes 


... to meet a vari- 
ety of operating need 

For additional information ... with expert consul 
tation, contact the Timken-Detroit srake Division 
Complete details and specifications on the “DH” brake 
i 


brake problem you may 
encounte! 


The “DH” brake has already met overwhelming 


acceptance from many leading 







manufacturers and 





For every industrial, agricultural or automotive application 3 4 4 3 s 


where braking is required! 


Plants at: Detroit, Michigan * Oshkosh, Wisconsin * Utica, New York 
Ashtabula, Kenton and Newark, Ohio + New Castle, Pennsylvania 


neem 
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POLYPENCO’* 


SHAPES 


An outstanding RF and UHF dielectric 


that’s easily machined 


The unique properties of POLYPENCO Q-200.5 make this styrene 
copolymer one of the most important materials available to designers 
and manufacturers of RF and UHF installation components: 


RIGID AND FORM-STABLE UNDER LOAD 
An outstanding characteristic of POLYPENCO Q-200:5 is its 


very low deformation under load combined with a low power 
factor. At 160°F., under load of 4000 PSI, deformation is less than 
1%! This is extremely important where insulators must withstand 
compression without yielding and loosening 


LOW DISSIPATION FACTOR 


POLYPENCO Q.-200.5 has a constantly low dissipation factor of 
0.0002 over practically the entire frequency range. It has a 


dielectric strength of approximately 350 volts per mil., and a low 
dielectric constant of 2.5 to 2.6 


LOW COST FABRICATION 


Economical production is assured through rapid machining of 
POLYPENCO Q-200.5 rod on standard metalworking tools 
Coaxial spacers, connector parts, stand-off insulators, coil forms, 
UHF antennae insulators, etc. can be rapidly fabricated without 
resorting to extra costs of molding dies. 


? 


Write for latest data and technical bulletir n Polypenco Q 


THE POLYMER CORPORATION of Penna. « Reading, Penna 
> In Canada: Polypenco, Inc., 2052 St. Catherine W.. Montreal, P. O 


Bada ta-m Nylon, Teflon’, Q-200.5 and K-51 


companys stocked line of 1373 wires 
and cables for electronic application- 
Listed are 487 new items together with 
complete government and MIL specifi 
cation data and special engineering 
cross-reference charts for determination 


of individual wire needs Alpha Wire 
Corp 


Circle No 177 Reader inquiry Service Card 


preceding back cover 


SUBMINIATURE RELAYS <A precision 
relay built in a standard transistor case 
lor transistorized circuit applications, 
in one of the subminiature relays de 
scribed in a 4-page illustrated brochure 
Data are also presented on other 
models, the VK and VR series, both 
of which feature excellent vibrational 
resistance due to  counter-balanced 
armature design. Available enclosures 
are listed and deseribed. Elgin Na 
tional Watch Co 


Circle No. 178, Reader Inquiry Service Card 


preceding bock cover 


FORMED METAL PARTS; MOLDED 
PLASTICS; WIRE—Facilities of a large 
manufacturer's Parts Division for cus 
tom-made components are described in 
two brochures. One describes available 
plants and equipment, as well as typical 
products fabricated of metal, wire and 
plastics \ second booklet describing 
facilities for precision production of 
fine wire and ribbon, wire and ribbon 
parts, and small parts plating. Sylvania 
Electric Products Inc 


Circle No. 179, Reader Inquiry Service Cord 
preceding back cover 


SHADED-POLE MOTORS—Hinding ap 
plications in vending machines, appli 
ances, office machines, industrial in 
struments and related devices, the 
shaded-pole a-c motors described in 
Catalog F 4271-6 are unidirectional, 
synchronous, and reversible types. Mo 
tors are available with ratings up to 

hp. Small Motors Div., Barber 


( olman Co 


Circle No. 180, Reader Inquiry Service Card 
preceding bock cover 


MINIATURE CONNECTORS— Miniature 
quick-disconnect electrical connectors 
with 16 advantages for industrial appli 
cations are described in an illustrated 
brochure pointing out suitability of 
the connectors for latest MIL-C-5015 
AN “EE” specifications. Connector Is 
moisture-sealed, vibration dampened 
and capable of operating from —-67 to 
250 F. The Deutsch Co 


Circle No, 181, Reader Inquiry Service Card 
preceding back cover 
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satisfied customers 
find willing ears! 


The talk that willing ears hear does wonders for a manu 
facturer’s reputation and sales. And the manufacturer who 
standardizes on Packard fractional horsepower motors for hi 


appliances can be sure of starting a lot of satisfied talk among 
| MOTORS the girls 


Satisfaction comes from smooth, quiet, dependable performance 
just what Packard Electric has been building into electri 
motors for more than 39 years. The appliance manufacturer 
Packard Electric Division who incorporates this satisfaction into his product benefit 
General Motors, Warren, Ohio from an added reputation as a builder of quality 





VHS" RELAY 


(*Very High Sensitivity) 


Model 266 


Sample specs. ore: 
0.2 micro 
amperes, (12,000 
ohms coil) of, 0.1 
millivolts, (5 ohms.) 


@ The VHS is a balanced 
armature, Alnico magnet type 
relay. It is internally shock 
mounted and resistant to 
vibration. The screw-on cover 
is gasket sealed. It can be opened and resealed 


Connections: 9 pin octal style. Dimensions: 1% 
diameter x 2\4 long. Weight: 4 ounces. Sensitivity 
Infinite variations from 0.2 Ua. to 10 Amp. or 
0.1 My. to 500 volts, self contained. Higher volts 
or amps with external multipliers. A.C. rectifier 
types. Trip point accuracies to 1%. Differential 
1%. The degree of resistance to shock and vibra 
tion primarily depends upon sensitivity and type 
of action wanted. In general, the relays will not 
be permanently dam 

aged by shocks of 

100 G's and vibra- 

tions up to 2,000 cps 

at4 G’s.The most sen- 

sitive relays may close 

their contacts under 

these conditions 


Contacts: SPST of 
SPOT, 5-25 Ma. D.C 
Other ratings to V2 
Amp. A.C. A locking 
coil gives high pres 
sure ond chatter free 
contact under shock 
and vibration 

Prices: $20 .$80 
Delivery 4 to 6 weeks 
Assembly Products, inc., 
Chesterland 14,Ohio “ 


SIMPLYTROL 


splanat f symbole 


AUTOMATIC 
PYROMETER 


453! 0/2500" F 
Price $132.00 


Thermocouple type Automatic Pyrometer for 
controlling temperature in furnaces, ovens, 
and processes The Simplytrol is economical 
and reliable with few moving parts There 
are no vacuum tubes 
is SPOT 5 Amps 
relays to 40 Amps 


The regular lood relay 


Optional heavy duty 


10 temperature ranges cover from 75 to 
3000" F. Several special ranges to —400° F 
On & OF control for holding the desired 
femperature works on gas, oil or electric 
heat. Indicating meter-relay is medium high 
resistance and has bimetal cold junction com 
pensation. For use with all standard thermo 
couples. Accuracy 2 

Auto Limit 


switch changes Simplytrol from 


avtomatic controller to limit pyrometer for 
Cabinet: 6x" 


2 inches. Also flush panel mount models 


safety shut down or warning 
6x9 
Send for new Bulletin G7 for more dato 


Assembly Products, Inc, Chesterland 14, Obio 
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Editorial Reprints 


As manuscripts are projected for pub- 
lication in each issue of ELEecTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form 


Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELectricAL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 


The numerals shown in reprint list- 
ing correspond to the numbers shown 
on postcards incorporated in the Reader 
Inquiry Service Cards facing back cover 
page. Keaders should circle those num- 


REPRINTS NOW AVAILABLE 


Magnetic Amplifiers in Industrial Con- 
trol Systems, Parts I and Il, No- 
vember and December 1955, 16 
pages Describe in fundamental 

terms the operation of basic mag 

netic amplifier circuits, then pro 
ceeds to explain the many auxiliary 
windings that may be added to 
convert the basic unit into a high 
precision regulator. Circuits for 


(210) 


actual regulators are given, 


Artwork Procedures in Printed Wiring, 
January 1956, 8 pages. An analysis 
of the depend nee of the quality 

finished 

printed wiring board on the original 
artwork procedure for making the 
master drawings 


and preciseness of — the 


Design consider 
ations are discussed, and several 
methods for single board, short-run 
and high-production output are 


described and illustrated (209) 


Precision Potentiometers—Characteris- 
tics and Limitations, January 1956 
12 page Review of various types 

defini 


(204) 


ot precision pote nhometers 


tions and terminology 


Digital Computer Principles, Decem- 
ber 1955, 12 pages. This primer 
establishes elements of the binary 

treats decimal to 

conversion, and 


number system 


binary provides 
computer definitions and symbols. 
A “must” for designers of control 
systems employing computer tech- 
niques and components, (203) 
System for Electronic 
1955, 8 


pages. Des¢ ribes systematic method 


Evaluating 


Components, December 


of components selection based on 


bers indicating the reprints desired. 
If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated. Remittances must ac- 
company all orders. Larger quantities, 


special quotation. 


Cost of 

Single Subject Reprints 
No. of Number of pages 
Reprints 4-12 16-32 
Gratis Gratis 
$2.00 $3.75 
3.50 6.00 
7.50 12.50 


numerical values for five attributes: 
reliability, availability, | compati- 
bility, economy and_ reproducibil 
ity. Weighting factors are assigned 
(202) 


Dielectrics— 


for conditions of operation. 
Research Progress in 
1955, December 1955, 12 pages. 
The latest article in the annual 
series of reports on the meeting of 
the Conference on Electrica] Insula- 
tion. The on-the-spot summary and 
interpretation highlights work done 
on corona effects; breakdown studies 
in gases and liquids; silicone mate- 
rials and ferroelectrics. (201) 


Nuclear Batteries, November 1955, 8 
pages. Progress report from Wright 
Field on the development of power 
sources utilizing radioactive isotopes 
as energy elements. Solar batteries 
are also discussed. Commercial and 
semicommercial types offered by in- 
dustry are illustrated and described. 

(233) 

Simplified Design of High-Tempera- 
ture Transformers, November 1955, 
12 pages. Detailed procedure for 
estimating temperatures and tem 
perature gradients in power trans- 
formers for electronic equipment. 
Charts, diagrams and a nomograph 
are used. For power outputs to 5 

kva, voltages to 50 kilovolts, fre- 

quencies from 25 to 2500 cps; at- 

mospheric pressure as low as 1.32 

in. of mercury (70,000 ft altitude) 

ind temperatures up to 200 C. (232) 


Analog Computers for Machine Con- 
trol—Parts I and II, August and 
October 1955, 20 pages. Points out 
the possibilities created by exten- 
sive military research and develop 
ment programs that have made a 





MYLAR* SOLVES ANOTHER ENGINEERING PROBLEM! 


PHILCO HIGH-FIDELITY SPEAKER using new 


Du Pont “Mylar” for improved performance—undistorted sound 


“Our new electrostatic high-fidelity 
speaker couldn’t have been developed 
without Du Pont ‘Mylar,’ ’’ reports 
the Phileo Corporation. ‘““We use 
metalized ‘Mylar’ to obtain an ex 
tremely thin, strong diaphragm that 
both insulates and conducts current 
on the same material. Fitted over 
an aluminum backplate, ‘Mylar’ op 
erates at frequencies where ordinary 
diaphragms would be badly de- 
formed —‘Mylar’ gives us completely 
undistorted sound.”’ 

This successful product innovation 
is only one example of the way an 
imaginative industry is putting the 
unique properties of ‘““Mylar’’ poly- 
ester film to profitable use. From 
metallic yarns to smaller trans 
formers for guided missiles, Du Pont 
‘Mylar’ is making possible better 


“Mylar 


is the registered Du Pont trade-mark for 


READER INQUIRY SERVICE CARDS, PRECEDING 


products at lower cost in a wide 


and remains flexible and stable over 
variety of fields. Here’s why 


a temperature range extending from 
‘6 °° d < 3 ry 

Mylar’ has a tensile strength of 40°F. to 300°F 
20,000 pounds per square inch. It How about your product? There 
has greater dielectric strength than may be a way ‘“‘Mylar’’ 


can solve 
most known insulating material 


those knotty problems and improve 
and an impact strength at least twice over-all performance. Mail the cou 
that of any known commercial film pon today for a fact-filled booklet 
What’s more, Du Pont “‘Mylar’”’ i telling you more about this new 
resistant to moisture and solvent versatile film —‘*‘Mylar.’ 


DU PONT 


R partment. Room 
ngton 9%, Del 


POLYESTER FILM 


Better Things for Better Living... through Chemistry 


ter film 
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RELAYS 


NWI 


Your immediate needs for one or more 

relays of any kind are shipped from our greatly 
enlarged stock which includes hundreds of types 
in all popular contact arrangements and 

coil ratings. 

Complete stocks of current standard types 

of leading manufacturers are maintained for 
your convenience 

All relays are new, inspected and 

unconditionally guaranteed to be as represented. 
24 hour delivery is routine. Phone us 


Distributors For 
ADVANCE ELECTRIC & RELAY CO. 


All standard distributor types of Advance 
Relays are on hand in quantity. Save precious 
time order from Relay Sales! 


RELAY SALES HAS MOVED TO THE COUNTRY! 


Bigger, more efficient office, warehousing 

and shipping facilities are providing even faster 
service for our customers. Lots of parking space. 
Route 64 at E.J. & E. R.R 


Please change your records 


Phone West Chicago 1100 


RELAY SALES 


P.O. Box 186-B 


West Chicago, Ill. 


rich store of computer technology 
and proven components available 
to the equipment designer \! 

ticles explain workings of basic 
components and describes how 
servos perform individual mathe 

matical operations (231) 


New Developments in Shaded-Pole 


Motors, October 1955, 8 pages 
Based on interviews with 21 motor 
manufacturers, this report covers 
improvements in the characteristics 
of one of the most widely used 
electrical components. Although 
low cost is still the greatest benefit 
offered by the shaded-pole motor 
the equipment designer can look 
forward also to higher efficiencies 
better power factors, longer bear 
ing life and standardized dimen 
sions (230) 


Evaporative Spray-lower Technique 


for Electronic Equipment Cooling, 
October 1955, 12 pages. A new 
system of cooling developed by the 
Navy is described. Simultaneous 
heat and mass transfer is utilized 
is the means for removing heat 

(229) 


Correcting Meter Readings on Servo 


and Gyro Motor Tests, Septembe: 
1955, 8 pages. Corrections are in 
order when the power consumed by 
the meters is substantial compared 
to the motor loads, as in the case 
of small instrument motors. Forms 
developed at M.I.T. routinize the 
otherwise tedious calculations. (228) 


Current-Rectifying Devices, Septem 


ber 1955, 20 pages. As a selection 
guide, this comprehensive staff re 
port has been prepared to provide 
the user with comparative operating 
data on all types of power rectifie: 
vacuum, gas and mercury tube 
selenium and copper-oxide metalli: 
rectifiers, and the newer germanium 


silicon types (227) 


Wiring Harness Practices, July 1955 


4 pages. Describes recommended 
practices for the layout, ticing and 
installation of wiring harnesses and 
shows how careful design can fa 
cilitate testing and inspection and 
improve service reliability of equip 
ment (226) 


Principles of Electronic Circuit Pack- 


aging, August 1955, 12 pages. Based 
on Signal ¢ orps development con 
tract, the authors describe the de 
sign and application of four basi: 
systems for circuit packaging and 
integration of printed wiring assem 
blies, particularly applicable to auto 
matic production. Thermal dissipa 
tion is mayor design consideration 

(99% 


am?! 


page 240) 
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_ Waldes Truarc Rings Permit Better and More Economical 
~ Design—Fewer Parts, Faster Assembly, Minimal Rejects! 


Viewlex’s Change-O-Matic Connecting Arm Assembly 


1 > 4 

o~ e 
Viewlex, Inc., L.1.C.,N.Y. solves a variety of fastening prob- Use of one Waldes Truarc Ring (Series 5100) eliminates time- 
lems in their new model Change-O-Matic automatic slide consuming riveting over the flange, retains and holds the 
changer. Assembly time is speeded, parts eliminated, rejects connecting knob captive. A compact, neat design is made 
lowered, and compact, economical product design achieved possible, rejects caused by poor riveting eliminated 


Actuating Plate Detent Lever Assembly 
and Pawl Assemb r) 


Three types of Waldes Truarc Retaining Rings a 

assembly. One circular self-locking ring (Series 51 

pawl return spring. One external E-ring (Series 5133) + 

tains roller used to prevent gear motion during transport 

cycle One crescent ring (Series 5103) retains pawl which Truarce E ring Series 5133) eliminates use of tapped 
indexes gear Second crescent ring retains sub assembly hole and shoulder screw, retains roller which prevents 


Truvarc Rings speed assembly, cut rejects, eliminate parts over-travel of gear Assembly is rapid 


Whatever you make, there’s a Waldes Truarc Retaining Ring de within a type 5 metal specifications and 14 different finishes 
signed to improve your product to save you material, machining Truarc rings are available from 90 stocking points throughout the 
and labor costs. They're quick and easy to assemble and disas U. S. A. and Canada 


semble, and they do a better job of holding parts together. Truarc More than 30 engineering-minded factory representatives and 700 


rings are precision engineered and precision made, quality con field men are available to you on call. Send us your blueprints 


trolled from raw material to finished ring today... let our Truarc engineers help you solve design, assembly 


36 functionally different types as many as 97 different sizes and production problems without obligation 


For precision internal grooving and undercutting ...Walides Truarc Grooving Tool! 


Send for new catalog supplement 


WALDES 


- TRUARC 


RETAINING RINGS 


WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426 
2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379, 2,483,380; 2,483,383; 2,487,802; 2,487,603; 2,491,306; 2,491,310; 2,509,081 
2,544,631; 2,546,616; 2.547.263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U.S. Patents pending. Equal patent protection established in foreign countries 


Waldes Kohinoor, inc., 47-16 Austel Place, L. 1. C.1, N.Y. 

Please send the new supplement No. 1 which 

brings Truarc Catalog RR 9-52 up to date. 
(Please print) 
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European Developments in the Dielec- 
tric Field, August 1955, 8 pages. 
teport summarizes progress in ace 
tate paper, epoxy casting resins 
epoxy-impregnated mica pape! 
polyurethane magnet wire enamel, 
and foam-type polystyrene, also de 
scribes special equipment for ex 
truding helical multicolored poly 


vinyl chloride wire — insulation 
224) 
22 


Flexible Couplings for Motor Drives, 
July 1955, 8 pages. Operating prin 
ciples and selection factors of some 
principal types are presented in this 
review. Many design variations are 
to be found in these basic types 
all intended to compensate for lim 
ited misalignment resulting from 
poor mounting of motor and driven 
member, wear, thermal distortion 
and load deflection (2233) 


Design of D-C Tractive Electromag- 
nets, July 1955, 12 pages. Simplified 
method for designing electromag 
nets using curves plotte d from data 
on variety of practical magnets 
Intended for the occasional de 
signer, Typical problem is solved 

t might as well be YOUR plant, fo (222) 

in it, Kirk & Blum can bring your drawings 
to life with substantial savings for you Effects of Water Immersion and Hu- 
capital investments midity on Thermosetting Laminates, 
July 1955 12 pages Results of 
Kirk & Blum offers complete facilities { evaluation program including 
graphs and tabular data by Mat 
rial Laboratory New York Naval 


' ' 
c1ahze in diuminum nonel, stainiess a 
. oe , ' Shipyard, on Nav 


the fabrication of sheet and plate to 


thickness—-and light structurals. We spe 


grades of phen- 


olic glass-laminate and glass-sili 


other alloy fabrication 
1 ‘ ' 
In the modern 150,000 sq. ft. Kirk & B ! cone laminate under various test 


slun 
99 
conditions (220) 
plant is to be found the latest metalwork 


ing equipment available, operated by . ° ' 
Application Factors for Two-Phase 


Servo Motors, June 1955, 12 pages. 


Discussion of the ope rating chara 


killed sheet metal craftsmen. Overhe 
cranes, to 4 ton capacity serve entire 


assembly areas and interior rail siding. A 


teristics and the prin iples ot opera 
new warehouse contains extensive inve 


Weldments tion of two phase induction motor 


tories of materials. Coordinated for spe« 
, used as contro] elements in feed 
Components versatility and accuracy, these facilities 
, back systems. A minimum of math 

issure successful and economical compl« 


Assemblies . emati il inal IS 5 employed (218) 


Sub-Assemblies Miniature Photocells, April 1955, 8 


atinate pages. Review of commercially 


THE KIRK & BLUM MFG. CO. available cadmium sulfide and lead 
3122 FORRER STREET sulfide photoconductive cells. They 
are virtually insulators in darkness 

Enclosures CINCINNATI 9, OHIO 


Housings 


and conductors under light by a 
factor of 100,000. Very small 
Established 1907 quantity needed for useful photo- 
cell (212) 


LULA LULL 


elt ame ae lS FABRICATION Multiple Reprints (reprints or com 


pendiums into which are combined 


Multiple Reprints 


several separate articles on the same 





Two Centralab Sub-Miniature Controls 


for limited-space applications where only the very best will do 


Viodel f-tho watt 


Model 4 Applications Hearing aids 


with knob 


military electronic 
devices, telephone equipment, sub 
miniature radios, and a wide variety 
of other applications 


J / I « 
and switch , Ac tual ize 


SHS EHESHHEHETEHEEEEEE EEE ESE EEE EEE HEE EEE HEHEHE EEE EEEE 


Size: diam., without knob 


Model 1 without diam., with knob 


knob and switch 


SOOTHE HHH HEHEHE HEHEHE HEHEHE EEE HEHEHE EEE EHH EEE EEE EERE 


Resistance 00 ohms to 10 megohms. Tested for 

5,000 cycles. Seven standard tapers 
As in all fine things 
quality is the first 


consideration « New! Model G-"ho wat 
\ \ 
Baa \ \ \ Has completely enclosed switch protected 
switch enciosed sa base against dirt and other foreign matter. 


Applications: Designed especially for transistor 
application 
eeeeeee eee eeeee ere eee eee eee eee eee eee eee eee eee eee eee eee eee ree 
Write for new technical bulletins on 
Centralab Model 1 and Model 6 Sub Size diam 
Viniature Controls eccccccccece 


eqeeeeereeerseees 


Resistance: 100 ohms to 10 megohm Pested for 


29,000 cycle Seven standard taper 


More proof that 
if it’s a job 
for electronic components, 


it's a job for Centralab 


que tion In 


more nana 


given 4 free 
to develoP 


what realm 


if you were 
se 


some 


Centralab's would 


efforts 


and pv 


thing new te 
conc entra 
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in 
advanced engineering your 
continues to lead yor 
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: ; why 
the component e and 
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NJ \ ick the 
will 4 Mail 
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editor 
month 
bhelore January 


industry 4 A leading 


{ this b pee 


winner 


our ¢ ntry tou 
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Bisse 


Reduce sembly Cost 


Whether your design calls for a large open 
relay or a miniature sealed one, P&B con supply it with any type of mounting 
or terminotion you desire. P&B’s engineering foresight has anticipated your 
assembly problems; designing, versatility and flexibility into each of their relay 
types 

Let our engineering group with a quarter century of relay “know how” 
become port of your design team 


Send your specifications for recommendations and quotations 


Ritter sWrumpield PRINCETON, INDIANA 


SUB . Am a F 


For quick delivery over 350 
different standard relays 
stocked by 500 Franchised 
Electronic Parts Distributors 
throughout the United 


States and Canada 


Clip-on r Tube type AN type 
solderless , octal plug connector 


or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanied 
by remittances. Large quantities, 
special quotations. These multiple, 
reprints are listed by titles, immedi 
ately following the single article 
reprint listings. Address: John A. 
Campbell, Director Reader Service, 
ELECTRICAL MANUFACWRING, 1250 
Sixth Avenue, New York 20, N. Y 


Electrical Insulation and Dielectrics— 
1955, 136 pages. A compilation of 
the most important articles selected 
from recent issues of ELECTRICAL 
MANFACTURING. Ths volume pro- 
vides the engineer not only with 
significant but with current design- 
helpful literature. Articles cover 
epoxy casting resins, radiation ef 
fects on dielectrics, fluorocarbons 
results of special evaluation pro 
grams, among other subjects. $3.00 


Designing Servomechanism Systems, 
96 pages. Multiple Reprint No. 3 
Thirteen feature articles or related 
phases of design of feedback con 
trol or servo systems and servo ap 
plications, including the series of 
four articles by Herst. For a com 
plete list of the contents of this 
booklet see April 1954, page 358 

$2.50 


Printed Circuits, 71 pages. Multiple 
Reprint No. 8. Selection of 14 
articles dealing with mechanized 
wiring techniques, beginning with 
silk screen printing of radio cir 
cuit elements on ceramic plates 
Other processes described include 
stamped wiring, and sprayed metal 
plate d and etched circuits and as 
sociated assembiy methods. For an 
notated list of articles see page 332 
of the June 1954 issue $2.00 


Multiple Reprints at Quantity Prices 
Since handling expenses IS a signifi 
cant cost element in the distribution 


of these Multiple Reprints, grouping 


of orders make possible substantial 
savings in cost per copy. For single 
shipme nts to one address, on orders 
accompanied by remittance, the fol 
lowing prices per copy apply 


Quantity 

Title 5 25 
Electrical Insulation and 
Dielectrics—1955 25. 185 
95 1.00 
3 1.10 
3 1.10 


) 
Servo System Design | 
Magnetic Amplifiers | 
Printed Circuits | 


Prices given above include shipping 
charges. Make checks payable to The 


Gage Publishing ( ompany 
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It won't be long before Gaylord boxes on 
remote conveyor lines are monitored by 
STEP MUS er CE dL 


WELL-BEHAVED BOXI 


.are vital to modern, mre hanized handling methods 
As operations be ome more automatic, interruptions 
are more costly. Pree iston-built Gaylord containers 
are dimensionally accurate and strise turally strong to 


speed pac king and handling. e* prevent jam ups. 


Gaylord container spec ialists will be glad to work with 
you mn selecting or developing “well behaved boxes”... 
for maximum manpower saving offic reney Call your 


nearby Gaylord of fic @. 


CORRUGATED AND SOLID FIBRE BOXES + FOLDING CARTONS «+ KRAFT PAPER AND SPECIALTIES + KRAFT BAGS AND 


GAYLORD CONTAINER CORPORATION * ST. LOUIS 
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om Associations 


Design Engineering Conference and 
Show Planned for May 


\ CONFERENCE Dy I finding iitable men for the desi 
PROBLEM In design engines hy engineering field and methods of trai 


pees innounced | ing then 


ign Division of th n i " \ (On the third da two papers will be 

ce of Mechanical bong 1OnSO pre ented. one de iling with problem 

the event. It will be li or relating to the selection of engineering 

STANDARD Cf Hall Philadel; nia Ma ! ‘ material the other describing method 


DESIGNS curren with the t g for effecting miniaturization and the 
Q roduce new problems, in both design and mar 
ufacturing, which are created by minia 


turizationr The subject of inventions 


mo r ite tp aa mies ind patent will Occupy the last day 
“Ie ! bem ited | i weola including methods of rewarding em 
- ; Laaall Nit y rape ecommi col sed plo oe for inventions and the rights 


ol an emplovee in hi inventions 
\t othe how ibout 150) companies 


imuechael Wachine é will exhibit component ind materials 


a eemamesaiammel , DuMond Materia which go into the making of end prod 
ethan ” | Nordenholt, Prod uct I he lop engineer of these up 


nd Frank J. Oliver plier ” original equipment ne 


a PC renents See ee rane materials will be in attendance at the 
\ccording to tentative plans, the booth 


pore will be devoted to a Advance registration cards for the 
mee 4 — - , ‘ ission of ist reduction in product how may be obtained from Clapp & 
? © x M A 2c A lL he second day ion will Poliak, Inc.. 341 Madison Ave., New 
PRECISION WIREWOUND RESISTORS = a of means of York 17 
FOR 85C AND 125C AMBIENTS 





46 Standard Permuseal designs in 
tab and axial lead styles provide a 
proved family of resistors for all Magnetic Amplifier Conference ibilit ind) Quality Control 
types of military and industrial elec Schedules Technical Sessions and Exhibit Institute of Radio Engineers, the 
tronic apparatus and instruments Four half-da techr 
These small, high-accuracy units 
are available in resistance values at 
85C and 125C operating tempera onference on Magneti Amplifier Staff Committee on Acceptance Pro 
tures—in close resistance tolerances cheduled for April 5-6 at the Hotel cedures of Radio-Electronics- Television 
down to +01 and they meet hu ( ( Ny mnder the Manufacturers Association 
midity specifications of MIL-R-93A Sad iti ol 
and proposed MIL-R-9444 (USAF) | 


They're ‘‘Sprague-made” so you're 


ical session are tron Division of — the American 
planned ly The Special Pechnic il Saerely lor Quality Control ind the 


the AIEEE Com One of the subjects to be discussed | 
Magnetic Amplifiers, the IRI Components Evaluation for Airborne 
sure of maximum resistance to high ro ional Group on Industrial Ele Systems Performance.” by B. A. Klein 
humidity careful prop a oni | the ISA entra ‘ orl hofer Components KE valuation North 


. vn 
er aging for high and i ea American Aviation. Moderator for thi 
true stability at rated Ml ( 


ession j Barry irlton, general 


wattage an ee 
a bem ned on ! j mpl manager sovernment Products Div 
WRITE FOR SEED | Gere, compononts and associated prod. sion, TV Magnaver Co 
ENGINEERING “— , Moderator of a Symposium on Preci 


BULLETIN wna ion Resistors (with reliability empha 
122A Program Set tor Symposium on Reliability ized) will be Joseph Kaufman, Dia 
mond Ordnance Fuze ] iboratorie 


Pwenty-three events have been sched Papers to be read at other meeting 

d tor \ cond National Sympo include “Control Charts and Automa 
eliability and Quality Control tion Applied to Field Failure Data,” 
I ‘ one meetin in Washington by H. A. Voorhees ind J. E. Culbertson 


ELECTRIC COMPANY as otel Statler, Jan. 9-10 Western Electric Co.; “The Effect Upon 


ot hye Symposiun ( ‘ ‘ i ¢ ) ) ors I 
307 MARSHALL STREET * NORTH ADAMS, MASS ™ ae ileulated Reliability of Errors it 
ional Group on Reli Field Malfunction Data,” by Mark H 


and Quality Control in Electronics 


244 
2 
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“ DEDUCTION 
POINTS TO 


FASCO 


INDUCTION / 
‘ MOTORS AND / 

_(Q\ \. BLOWERS 

Mw xs 


You don’t have to be a Sherlock Holmes to deduce that 
the right solution to any small motor or blower problem 
is FASCO! No other name so quickly connotes quality 
and dependability. No other manufacturer makes such 
a complete line of shaded-pole FHP motors, 1/500 to 

6» H.P....and centrifugal blowers rated from 15 to 
275 C.F.M.... or is better equipped to design, produce 


and deliver special models speedily and economically 
<> a 
dD 
This Catalog contains complete ' " 
data on FASCO FHP Motors j 


and Centrifugal Blowers. A cops | CONSULT FASC ... FIRST! Af 


1 Aas 


Save time...save money... 


A/ iy ” 
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FASCO INDUSTRIES, INC. 


x OCHESTER 2, NEW VoRK 





STA ALE 
covers the field Calendar of Meetings 


in commutators 


Jan. 9-10 ‘ \ 0 Syn March 12-16 
. Nationa Nan 
| t H 


March 12-16 ter Mee 
p Manufa 


March 


Ameri 
Jan. 18-20 : 


March 19-22 Nations 
tion: Institut f Radio Engineer 


Kingsbridge Armor Bronx, N.Y 


Nir ondit ill I er March 19-23 
Sheraton ' hier rhe 


il Oh 


FROM CRANES 
Li) 
VACUUM CLEANERS 


5 


April 10-12 elfth Annua 
Whether yeur moter requirements Meeting and 1956 Metal Powde1 
coll fer a large industriel applica- Pe Shov Met 
mem ent 
appliances, you'll find a Kirkwood 
Cemmvtetor te serve your needs 
end save you money. 


il r der A ssociati 
Hotel Clevela leveland, Ohio 


April 13-14 enth Annual Sprit 


Television Conference spon ored by 


We heve ever 1000 stenderd a pane se ps —— - me Se 
PTT LIM ee a este ite En incering Society of Cincinnat 
core type commutators ranging i bv tl Buildir Cincinnati, Ohio 

in size from 9/32" to 50” die- 
meter...se check with Kirkwood in Fr April 17-19 bkourth Natior 
before designing a new moter. rence 

Our engineers will be giaed to Keb. 16-17 

work with you on special applica- Conferen 

CU ee ee AIEE. IRI 

Pe P, 


WRITE FOR CATALOG NO. 3 





Sper »Vroscop o ind \ America. 962 Wavne Ave.. Silver Spring 
Capacitor Manufacturer Look it Ke Md. Technical program chairman is D 
liability by Carl Killen. Sprague Ele« \. Hill. Hughe Aireraft Co. Culver 
« Co Citv. Calif 
YY Information Pheory Key to Opti 
4 a Kwooo mum Distribution of Engineering Effort Fourth National Conterence on Relays 
mn Obtainis Electronic Part will be To Convene In April 
COMMUTATOR CO. considered by R. F. Edwards, Interna The Fourth National Conferen 
tional Rectifier Corp ind | (>. Ross Klectromagnetic Relays has been 
Over 10,000,000 now in use. Malfunction Group. Northrop Aviatior April 17-19. As in the past, the 


ference will meet at the School of Ele: 


Pte Ty mee ee iT 
Cleveland 11, Ohie 


gistration chairman of the Sympo trical Engineeri of the Oklahoma 


Max Pall Vitee (Lorporatior ot Institute ot Pechnology of the Okla 


- 





the story... 
Ww 


NEW SMALLER, BETTER MOTORS 
1 TO 30 H.P. 


In this revealing book, Century shows how and why 
the New Standard, smaller motors actually out- 


perform the larger, heavier Old Standard models. 


These trim, compact ‘‘New Standards" give you 
weight savings up to 40% .. . plus space savings 
and easier installation. Dead weight and dead air 
space are eliminated. The ‘active materials,’ such 
as iron and copper, are designed to give greater 
efficiency than ever before. New synthetic insulat- 


ing materials give greater dielectric strength and 


uniformity. 


SEND FOR YOUR PERSONAL COPY 
OF THIS VALUABLE DATA BOOK...! 


Mail this coupon today! 


et ae To CENTURY ELECTRIC COMPANY 


Bata 1806 Pine Street, St. Louis 3, Mo. 
erformance ated” 


MOTORS Please send New Bulletin 6-1P1 to 


Name 
Company 
Address 


City Zone State 


Performance Rated@ 


MOTORS CENTURY ELECTRIC COMPANY 


1/20 to 400 H.P. 


1806 Pine Street « St. Louis 3, Missouri « Offices and Stock Points in Principal Cities 


INQUIRY SERVIC} 
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—— homa Agricultural and Mechanical Col] 
jesee ane aie ' 


Wx \ - ve, Stillwater, Okla. 
¥ rs Tentative program of proposed pa 
Lm + r PE E ee 1 fa pers for the Conference includes papers 
by Don Hall, North Electric Co., on 
Hermetic Se iling Problems and Tech- 
niques”; Francis D. Reynolds, Boeing 


Airplane Co., on “Recent Development 

on Ball-Armature Relays”; and W. D 

Sellers, Leach Relay on “Relay 
Contact Contamination 

ve Other i 


papers tentatively scheduled 


include “Subminiature Electromagneti: 
TRU-OHM is Now Woorld’s Largest Producers of W ire- 


Circuit Breaker with Inverse Time De 


it ound Resistors! lay ” by Frank H Roe kett and Rodney 
rn B. Faber, Airpax Products Co.; “Life 


Chicago Since staruns and Operating Characteristics of the 

TR ‘ HM aaeeye [ Cl “h. IBM Wire Contact Rel iy,” by Charles 
) 001) ‘5 

a | MeCarthy, International Business 


grown phenomenally to t 
times its original capacit Machine and “Effects of Tempera 
Having just produced iu ture, D-C and A-C Voltage on Relay 
80,000,000th wire-wound re Life in Drv Circuits.” by Leonard Tar 


stor, Tru-Ohm 1 ow the 
’ a ; takowsky. Hughe \ireraft Co 
world largest growing and 


largest producer of wire Information on the Conference ma 


uire uound resistors wound resistor be obtained from ¢ harles I Cameror 
ubich are turned out by the thousands daily 


Resistor No. 80,000,000, One of many 


Professor of Electrical Engineering at 


Complete line of power : High Quality, Speedy Oklahoma A & M 


rheostats of fin Delivery Sets Record 


Over 50,000 square feet of Seventh National Plastics Exposition 


Plans for Record Breaking Attendance 


the most modern manufac 


Inquiries Invited turing facilitu including a 
im wot the 


rRUOUM 2 brand new furnac nabl Compan throughout the country 


a ai ind abroad will come to New York 
quality, better price AND June 11-15 to show their new product 
IRU-OHM EXPEDITES technique materials, machinery and 
FOR YO hips on time ervices at the Seventh National Pla 
tics Exposition to be held at the Nev 
York City Coliseum under the sponso! 
hip of The Society of the Plasti 
Industry, Inc 
HERMETICALLY SEALED The Show is expected to draw more 
than 20.000 representatives from in 
dustry, the government and education, 
with a technical conference being 
planned to run concurrently with the 
Show 
Advance registration | ibstantiall 
thead of that of last year’s exposition, 
with indications that the total number 


of exhibitors may approach 250° by 


the 1 ‘ Sho opens 
AS ONE HOMOGENEOUS MASS h im the h Ww pen 


; AIEE Schedules 108 Sessions for 
(R) New York Winter Meeting 
Approximately 400 papers covering 


developments in the entire field of elec 
WATERPROOF MOLDED COILS ical engineering will be delivered in 


the 108 ession cheduled for the 
A completely new concept t fabricating waterproof electrical coil 
windings has been developed by Deluxe Coils, Wabash, Indiana Winter General Meeting at the Amer 
Molded from the new epoxy resins, the coils are impervious to woter, ican Institute of | lectrical Engineers. 
ils, dust, acids, alkali solutions and water base hydraulic fluids 


2 » 
The windings are completely encased in the thermosetting resin by scheduled for Jan. 30-Feb }, Hotel 


ncorporating the unique design of a core tube fabricated from the Statler N.Y All of the Institutes. 43 
same vesin as is used in the encapsulating process 

oil windings ore currently being molded in green, block, red and technical and several general commit- 
blue colors, and all four colors are recognized by Underwriters 
Laboratories as insulating materials for general purpose application 
105° C Class A requirements I he science 


tees will participate 
and I lectronic ~ Division 
Write today for complete details IS OFPaANIZINy sessions on metallic rectl 


fiers. basic science computing devices, 


DELUXE COILS, INC., Wabash, Indiana wolid state devices, dielectrics, magnetic 


1300 FIRST STREET amplifiers, electric techniques in medi 


cine and biology and related subjects 
Six sessions each will be sponsored 


the Committee on Rotating Machin 





Why the leaders choose RESINOX* 3700 


for molding profit-making electrical parts 


Welis 
tits , Manufacturing | anne 
Re ino aman pet col top me lded of 


Arrow-Hart & Hegeman are making profitable use 7 on Utah pi oe - 
of critical electrical part molded of Resinox 3700 10 Spark an sa lat secause of Resi; ! rat Ing’ car 
. Owe! ve ox 3 
in their combination where high pow wi at speed ! 700 
up to 140 m.p h 


arc-resi 


{ . inox 3700 for cro 
yecihe . tn 
18M * t duction costs of this © 
and cu if becau Re 
, n half becé 
al 


American Bosch wu distributor plats 


—" molded of Ke « 3700 where 
a uN 

is giving t 
for ther 


part tability 


‘Check Prov yr dimensiot uperior are-re 


(Part made 


thermosetting 
Monsanto 


THE PREFERENCE FOR RESINOX 3700 grows every day. Thi 

mineral-filled molding powder was developed b 

for superior performance in magneto ignitions, motor control and 
transmission circuits, and countless other electrical applications. + It combine 

high arc-resistance with outstanding dimensional stability. « It elimin: 

undesirable after-shrinkage. + Its moldabilit 


is excellent and its impact resistance is good. + It has good transfer 


ite 


molding properties. + It offers superior heat resistance 
For full information on Monsanto’s Resinox 3700, write today to 
Monsanto Chemical Company, Plastics Division, 

Dept. EM-12, Springfield 2, Massachusett 





THE SAFEST MOTORS 


ARE 


PROTECTED 


WITH 


Model 
SU 100L 


Actual 
Sire 


AVAILABLE IN VARIOUS 
MODELS FOR EVERY -_ 

APPLICATION Mighty Mite Thermal Protectors 
give motor windings truly de 
pendable and continuous prote 
tion against charring of insula 
tion, burn-out and eventual cus 


tomer dissatisfaction. U. L. rated 


thru 14 H.P 


Mighty Mites are supplied “ready-to 
use” and fit into electric motor stators 
without design changes or special 
assembly procedure. Our accurate 
temperature calibration of Mighty 
Mites to specific motor requirements 
assures safe and positive performance 


in your motors and equipment 


Mighty Mite protectors are tamper 


proof and thoroly dependable 


Write or phone today 


for engineering data 


MECHANICAL INDUSTRIES 
PRODUCTION COMPANY 


ery and the Committee on Transmis 
sion and Distribution. The Communica- 
tions Division sessions is planning 
sessions on communications, switching 
systems, information theory, and other 
pertinent problems 

Meetings sponsored by the Industry 
Division will review electric welding, 
industrial control, feedback control 


systems, and related subjects 


Spring Television Conference 
Planned for Cincinnati 


Penth Annual Spring Television Con 
ference, sponsored by the Cinecinnats 
section of the Institute of Radio Engi 
neers, will be held April 13-14 at the 
Engineering Society of Cincinnati 
Building 449 E. MeMillan St., Cir 
cinnati, Ohio 

Information coneerning advance re 
istration may be obtained from Rubin 
Nathan, Crosley Div Aveo Manufac 
turing Corp., Glendale-Milford Rd 
kvendale, Ohio 


Seminar To Consider Company 
Standardization 


At the Gaillard Seminar on Indu 
trial Standardization to be held Jan 
3-97, 1956, in New York City, four 
out of the ten conferences will be de 
oted to Company Standardization 
Other mayor Lopies will be analysis of 
tandardization and its application to 
engineering and management: forms of 
tandardization, such as simplification 
inifieation, and design of standard 
ind the art of writing specification 

There will be two conferences each 
day Monday through Friday Mornines 
9°30 to 12:00. afternoons 1:30 to +200 

Leader of the seminar is Dr. John 
Gaillard, presently a consultant) and 
formerly a member of the staff of the 
American Standards Association and a 
lecturer at Columbia University. Fur 


ther information may be obtained from 
Dr. John Gaillard, 400 West 118 St 
Ne Ww York ya N\ y 


Moody Received ASME Award 
Arthur M. G. Moody, senior develop 


ment engineer at The Trane Co., La 
Crosse, Wis.. was awarded the 75th 
Anniversary Medal of the American 
Society of Mechanical Engineers for 
his leadership and outstanding contri 
butions towards the aims and objectives 
of the Society. 

A member of the ASME for 20 years 
Mir. Moody has been active in society 
activities, having served as chairman 
of various local sections and commit 
tees, as well as heing instrumental i 
organizing the La Crosse, Wis.. section 
of ASMI Mi Moody who has had 
extensive experience in the field of 
centrifugal equipment development, has 
twice been the recipient of the Society 
Certificate of Merit 


JANUARY 19% 














Put Two More Draftsmen 


In Space Now Occupied by Four! 


Yet Give Each Man More 
Efficient, Comfortable Working Room... 





Hamilton Auto-Shift Tables — from Bruning! 































Save Space — Get 30%, More Use from Present Area. ‘| hi: me floor space 
bor 250 sat e fee ¢ up by four boare ith epuarate elerence 
. > wil e ; ‘ly psi rsd . : esd aie \ : It combine Only Auto-Shift Offers You These 
eee ee ae ee ak Gee ccetavn teed daneon 3 Big Advantages! 
5 Ne lnecan a 0 = oe - 5s ee a : oe oe 1. Only Auto-Shift offers instan 





present space taneous, positive adjustment of 



















Eliminate Waste Motion— Save Man Hours. Auto-Shift eliminates needle slope 

detours for reference material and ipplie Phe draftsman merel 

turns on hi tool and pulls forward the relerence irface { the Aut 2. Only Auto - Shift provides in 
Shift Table behind him, or reaches into one of its convenient ited 







stantaneous height adjustment, 
drawers for whatever materials and tools he need 





lets draftsman switch standing 



























Reduce Draftsman Fatigue — Boost Productivity. \11! haft 
easy board adjustment let the draftsman change orkil | ti or sitting positions, quickly and 
olten for greater comfort and efhicienc Convenient foot release tree easily 
. top for height idjustment. Hand release permit j b i } 
ie , ' re ure ‘ CO itert need t I ale red ( 
ment light fingertip pr t interbala lop a 3. Only Auto-Shift lets draftsman 
angle Draftsman « in reach an part { the board it it str hhethe 


scat ar stmlls work on any part of the board 





without leaving his seat 














Bruning-Hamilton free analysis and planning service for imy 
your drafting operation ” use coupon at righ No oblis Charles Bruning Company, Inc 
4700 Montrose Avenue Chicago 41, Illinois Dept 4-1 





Name 


Company 







America’s leading Supplier of Engineering and Drafting Equipment 
Address 
Charles Bruning Company, Inc., 4700 Montrose Ave., Chicago 41, Illinois City County trae 
In Canoda: Charles Bruning ¢ pany (Canada) Ltd., 105 Church St., Toronto l, Ont _ SS 








READER INO! Y SI Cl 


where does 


COTO-COIL 
SQUEEZE into this picture? 


In many of today’s high speed 
elevators Coto-Coils control the 
sensitive circuits which make 
absolute smoothness and safety 
possible 

If you have a coil problem 
in production or design, let Coto- 
Coil provide the right coil for 
the job in the volume you need. 


Send details of your problem to 


COTO-COIL CO., Inc. 
63 Pavilion Ave., Providence 5, R. I. 
New York Office 


10 East 43rd Street 
New York 17, New York 


eCisy 
e* Oy 


BREAKDOWN 


with 


\HYPOT”’ 


JUNIORS 


HIGH POTENTIAL 
TESTING 
INSTRUMENTS 


@ VISUAL INDICATIONS from neon lights 
give positive test results. Audible test indi- 
cation for leakage also available 


Write for 
Bulletin 4A 


@ ONLY ONE instrument necessary to make 
high potential tests for leakage, break 
down or shorts! 

@ PORTABLE, with rugged steel cose 
Operates in any position! @ RANGES 0-1500 to 0.6000 V.A.C. output 
Other “Hypots” to 50,000 V.A.C. output 


@ SAFE to use, with protected test leads ot 5K.W 


shielded high voltage, grounded case! 
@ SIMPLE — only three easy steps to moke a 
complete test! 


@ WRITE for complete data on “HYPOTS” 
for your jobs 


LWAPN EAM tte te 


mcorporated 
CHICAGO 18, ILLINOIS 


Precision Instruments Since 1936 


3794 WEST BELMONT AVENUE - 


252 


Standards 


Institute Releases Additional Die Casting 
Product Standards 
As part of its continuing standardiza 
tion program, the American Die Cast 
ing Institute has recently completed the 
second in a series of engineering prod- 
ict standards for die castings. The need 
for these standards has resulted prin- 
cipally from the tendency of designers 
and engineers to. over-specify their 
castings: that is, demand more critical 
conditions than the application re 
quired. The five engineering product 
standards released include 

“Depth of Cored Holes,” ADCI-E6 
55T. This standard sets the optimum 
depth of cored holes as related to diam 
eter for the four principal die casting 
metals ZIT aluminum magnesium 
ind copper 

“Draft Requirements in Cored Holes 7 
ADCI-E7-551 


standard relates the draft of cored holes 


For the same alloys, this 


(in ce grees) to hole depth 

“Ejector Pin Marks.” ADCI-E9-55T, 
establishes the height (or depth) and 
location of ejector pin marks 

“Flash Removal,” ADCI-E10-55T, de 
scribes the formation and location of 
flash and establishes the 
amounts of flash removal as a function 
of the ly pe of flash 
Stock 


nominal 


hining Allowances,” 
] 5 551 

Copies of available standards have 

been supplied to members of the AIK I 


and may be obtained without charge 


from die casting suppliers 


System for Straight Bevel Cears 


Standard, 


Straight Bevel Gears,” 


American “System = for 
ASA B6.13-1955 
was prepared with the cooperation and 
approval of the AGMA Bevel Gearing 
Committee. The system for the design 
of straight bevel gears is a development 
of a system originated by the Glea 
son Works and adopted by the Amer- 
ican Gear Manufacturers Association 
in 1922 and revised in 1940. Changes 
made in this present revision include 
Slight increases in clearance and whole 
depth which are proportionately greater 
in the case of fine-pitch teeth; 


what different proportional tooth thick 


some- 


nesses of pinion and gear for approxi 
mately equal strength as determined 
by improved methods of analysis and 
designs; and adoption of 20-deg as 
the pressure angle, instead of 144% deg. 
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The Bogue Silicon Power Recti- 
fiers of the 4SJ series previously 
announced are now available 
in complete rectifier stacks in 
center tap, doubler and full 
wave bridge configurations. 


These small compact units can be used to replace vacuum 
tube rectifiers in all low and medium voltage applications. 


Competent engineers are available at Bogue to solve your 
silicon rectifier problems. 


RECOMMENDED RATINGS 





24 $310 
24 $3 20 
243) For doubler connection, connect 2 to 3 24 $335 
For full wave center tap rectifier common nego 24 $3 50 


200 
350 
500 


70-70 50 
125-125 100 
175-175 150 


100 | 35-35 268 
t 


tive connect 2 to 4. For full wave center top 
44$3 10 100 | 70 50 
44 $3 20 200 140 125 
44 $1 35 350 200 175 


44 $3) 50 500 350 


TYPE r PIV T i” | ta | 
| 
? 


rectifier common positive connect | to 3 


| 
| 
: Reactasi 1 
*Eac is maximum recommended AC voltage 
**Ede is typical output voltages. May vary due to filtering, etc 
Side is recommended maximum output current in amperes for operation up te 85°C 


Ratings shown above are for full wave Lridge operation. For doubler and magnetic 
amplifier operation, consult our engineering department. 


44S) — Unit as supplied is connected as shown as BOGUE ELECTRIC MANUFACTURING CO. 
full wave single phase bridge. For open bridge PATERSON is NEW ‘6.4488 
connection, either connection a or b may be 

easily removed 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





When you measure 


ao 


look a) TIME DELAY RELAYS 


5900 Series: For time delay or 
interval timing in ranges from 
0 to 10 minutes 


" 
INTERVAL TIMERS 


8006 Series: Times intervals from 
60 seconds to two weeks with 


exactness 


ELAPSED 
TIME INDICATORS 
5700 Series: Registers passage of 


time in minutes and tenths of 
minutes and hours with mathe 


matical regularity 


oe 
TIMING MOTORS 


Compact HAYDON Timing Motors 
thot can be operated continuously 
in any position drive all HAYDON 
Timing Devices HAYDON spe 

cializes in timing; engineers and 
builds only timing components; 
has the “know how” to put time 


to work for you 


TAKE TIME NOW to write for the a 
name of your HAYDON Timing Specialist, 


HA YDON and for HAYDON Catalog O01008 Gees © 


‘ DIA ) > A ME CORP 
Puma lit tal oo 


MEAD QUARTERS F°™ 1 HAYDON Manufacturing Company, Inc. 


Tl M J He G 2525 ELM STREET, TORRINGTON, CONN 


Electric Tin y Devices” catalog 
ne of HAYDON Tia y Specialist 
NAME 
TITLe 
COMPANY 
CO. ADDRESS amen 
*Trademark Reg ciry ZONE STATE 


U.S. Potent Office eee Be RR SE RE RO RE RE RR Re Ree eee eee 


254 


Information regarding angular 
has been added 

Cope of the Standard may be ol 
tained from the American Society 
Me hanical Ff ngineers, 29 W 39th 
New York 18. N.Y. Price is $1.00 
cop 


per 


Thermal Stability of Enameled Wire 


Purpose of “Proposed Test Procedure 
for Evaluation of the Thermal Stability 
of Enameled Wire” is to establish a test 
method for the relative life of enameled 
magnet wire as a function of its thermal 
stability. Copies (published for trial 
use) may be obtained free by writing to 
Secretary, Standards Committee. Amer 
ican Institute of Electrical Enginees 


W 9th St. New York 18. N.Y 


Manufacturers 
Publications 


For these selected publications on mate 
rial components technical data ind 
ngineering service write direct to the 
manufactures on company letterhead 


mentioning ELecTRICAL MANUFACTURING 


MOLDED-ON CORD ATTACHMENTS— 
New catalog, No. 5-55, describes stock 
molds for caps, connectors, strain-re 
liefs and other special cord attachment 
Included are dimensional drawings of 
each attachment and recommended cord 
types and sizes to which they can be 
molded, for a wide range of use on 
power tool ippliance othce equip 
ment and other electrically energized 
equipment Copies ot the « italog may 
be obtained by writing on compan 
letterhead to Roval Klectric Co Ine 
cket, R.I 


THERMISTOR DATA BOOK—VNe, 
page edition of Thermistor Data Book 
contains information on the develop 
nent, operating characteristics, typical 
ipplications and characteristics of 
thermistors has been prepared by Vir 
tory Engineering Corp., Union, N.J 
Included is a new section on varistor 
omplete with graphs showing typical 
irve The book, priced at $1.00, ma 
be obtained free if requested on com 
pany letterhead from Victory Engineer 


ing Corp., Union, N.J 





for Counting Electrically... 


Added Ewidence 
that — 


es 


This Veeder-Root Reset Magnetic Counter (AC 
or DC) is actuated through electromagnets. And 
it may be connected in series with any device hav 
ing a contact arrangement like the specially 
designed Veeder-Root Electrical Contactor at the 


left, which insures positive operation of the 


counter, either in oscillation or connected directly 


to a revolving shaft ... with the counter placed at 


VEEDER-ROOT INCORPORATED 
HARTFORD 2, CONNECTICUT 


Everyone Can Count on 


VEEDER-ROOT 


any distance from the machine or process on which 
the count is required 


This is another one of the hundreds of Veeder 
Root Standard and Special Counting and Com 


puting Devices developed for every conceivable 
counting duty, in every field from atomics to 
electronics 


What do you need to count? Just write 


“The Name that Counts” 





by Sere Tr me) Cum 


ELECTRON TUBES FOR INDUSTRY 


IMMEDIATE DELIVERY FROM STOCK 


saves you time, effort and money 


ALLIED regularly stocks for quich 
shipment the world’s largest in 
ventory of spec ial purpose elec 
tron tubes. We specialize in 
supplying the tube needs of 
industry, broadcast sta 
tions, laboratories, 
schools and government 
Save time, effort and money 
on your electron tube orders 
phone, wire or write us for 


expert, immediate shipment 


Refer to your aA.ueo 
Catalog for all }, 
electronic supplies 
Copies of our latest 
324-page 1956 edition 
are available FREE 


on request 


ALLIED RADIO 


100 N. Western Ave. 
Dept. 47-A-6. Chicago 80, Ill 


ENCLOSURES 
and PANELS 


Standard Price includes: 


A complete range from 1. PRIME AT, 
12212" to 60 1 9 These new NEOPRENE GASKET 
engineered enclosures comply to 
J.1C. specifications and are SUB PANEL 
available to help you solve your MOUNTING 


uncti bo irements af 
ee eee eee CAPTIVE SCREWS 
lower prices 


LUGS 
We fabricate custom enclosures of all types 


TRACLE Ce 


% Send for Standard Size and Price List 


pas, IS 
~~ 
a Ke MTS Fy a PAW son 


a 


Fir scx.sd- ech dedibe Rlesiih amc CR inde a od 


Book 
Reviews 


Hydraulic and Pneumatic Operation of 
Machines, by H.C. Town. Philosophical 
Library, Inc 15 East 40th St., New 
York 16. 192 pp. 6x 9 in. $7.50 

This book is concerned primarily with 
practical engineering applications large 
ly in the machine tool field Part | 
Hydraulic Operation— describes the ad 
vantages and limitations of oil for 
power transmission and shows the main 
types ot pumps and valve gear in com 
mon usage. Of particular interest to 
machine tool designers is a des« ription 
of hydraulic circuits, including: con 
stant feed rate circuits; the control of 
multiple cylinders for sequence opera 
tion; and synchronizing arrangement 
for duplex slides. Specific application 
include automatic lathe control; drill 
ing and boring machine circuits and 
sequence of operation; broaching ma 
chines; shaping, planing and slotting 
machines and general features of de 
sign 

Part I] Pneumatic Operation —in 
cludes chapters on air compressors and 
structural detail the operation and 
maintenance of pneumatic tools and 
the design of pneumatic circuits. Design 
ot at operated jigs and = fixture j 
discussed, followed by industrial ap 
plications of air control of brake 
clutches and conveyors 

The book concludes with ex imples o 
hydro-pneumatic devices, dealing wit! 
oil control of air pressure and = le 
scribes circuit) control design, tracer 
controlled copying devices dosai 


hydraulic feed unit 


1955 Book of ASTM Standards: |’ari | 

Ferrous Metals. The American So 
Materials 1916 
Race Street, Philadelphia 3, Pa 
Ox Yin 1834 pp.. $13.50 


evety for lesting 


Containing 315 standards, Part | of 
the 1955 Standards is 1] per cent larger 
than the 1952 edition and contains 125 
standards that are new or have been 
revised since the 1954 Supplement was 
published. Included in the new edition 
are standard and tentative specifica 
tions, methods of test, and definitions 
for steel piping materials; flat prod 
ucts; springs; corrosion-resisting steel 
metallic coatings for steel; magnetic 
materials; and metal powders. Remain 
ing parts of the 1955 Standards are 
expected to be completed about Febru 
ary 1956; cost for the complete seven 
part set is $84 
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... THROUGH GENERAL ELECTRIC DEVELOPMENTS IN INSULATION 





Ore MORE POWER PER POUND FOR THE ELECTRICAL INDUSTRY.. ore 





— MORE POWER PER POUND 


haa) 


G-E MICA MAT 
a NEW ANO MODERN 


ELECTRICAL INSULATION 


FACTS YOU SHOULD KNOW 
ABOUT MODERN MICA INSULATION 


Just off press—2() page brochure describing General 
Electric MICA MAT —the modern mica insulation! Tells how 


MICA MAT—mica in continuous sheet form—ofters big, new 


General Electric Company 
Laminated & insulating Products Dept. 
Section MMB1-6, Coshocton, Ohie 


advantages over conventional pasted mica. This new “mica 
by the roll” helps you “wrap power better, lighter—be 


cause it’s more flexible. more uniform. « ompletely void- Please rush my free copy of “More Power per Pound 


free. “Must” reading for every insulation expert interested with G-E MICA MAT. 


in “more power per pound.’ Clip coupon for your copy! Sates 
Progress /s Our Most /mportant Product Firm 


Street 


City _Zone___ State 


GENERAL @@ ELECTRIC 
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fi bs 
ELECTRICAL CONTACTS 


SELECTED FOR 
“E” FRAME CIRC 


The new I-T-E “I 
breaker marks a 


’s NEW 
UIT BREAKER 


circuit 
significant ad- 


’ frame 


vance in obtaining high ravings 


breake 
frame design now 
ings up to LOO at 
volts a-c, in at 


for small 


The resulting spi 
Vantage means 
Size of LO00-amp 
panelboards 

A contributing 


success of this dey 


smaller 


rs. The E 

provides rat- 
nperes at 250 
nore 


COM pac { 
breaker than previ 


yusly require d, 
ice-saving ad- 
Over all 


ere 250-volt 


factor in the 
clopment was 


the adoption of Gibsiloy silver- 


tungsten electrical 
The use 


of Gibsiloy 


contacts. 


contacts 


helps make possible the efficient 


performance of the "I 


And, Gibson-deve 
in the “EF 
small 


frame 
and 
sacrificing any of 
necessary tor 
formance through 


CCONMOMIC al 


de pe ndable 


frame, 
loped contacts 

breaker are 
without 
the qualities 
per- 
constant duty. 


1-T-E, in the development of 


the “E” frame breaker 


creased rating, co 
and economy of 
drew from Gibson 
perience and abil 
the right electrics 
breaker 


son to help solve 
problem. 


their new 


Write for free Gibson Catalog ¢ 


giving much useful te 
eontacts 


CONTACT GiB 


electrical 


with in- 
mpact design, 
operation _ 
s24 years ex- 
ity to provide 
il contact for 
Call on Gib- 


your contact 


520 


schnical data on 
No obligation 


SON FIRST 


ibsilo 


ELECTRICAL 


yj 


GiBSON ELECTR 


8349 Frankstown Ave 
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CONTACTS 


CFs ae? 


ic COMPANY 


, Pittsburgh 21, Pa 


Men in Industry 


\llis-Chalmer 
Milwaukee has 
chief engineer of 
blies. Mr 
charge of the 
ind ha 


the department since 


Manufacturing Co 
Albert Ewy 


witch wear assem 


appointe d 


kwy has been engineer in 


witchwear equipments 
mee 1952 ociated with 

1936. An elec 
graduate of the 


Minnesota he 
Allis-Chalmer in 1930 


bee en a> 


trical engineering 


l niversity ol joined 


Dr. George A. Cypher hia 


jromnte d 


been ap 
in ulating materials 


- Chemical Ma 


Cypher was 


pecialist 
lor General Electric Co 
terial Department y 
promoted to the 
) Ca 
| ' Ma 


thre materials de 


Schenectad 


post alter 
Thomson 
where he 
t lespornae nl 


proup ind ipervisor ot 


material ipplie ition ly 
he located at G.1 Alk 


River Rad 


Cypher will 
vd Resin Plant 
Schenectad N.Y 


1h clopment ) nev product line 
Ht be the responsibilit of 
Melivaine, who ha 


thie me wly ore ited 


Douglas 
been appointed te 
of director of 
Aor 
Ohio 


post 
ind development at the 
Manufacturing Co 


bormerl 


research 
Columbus 
earch and 
Product Mi 

vraduated with a B.S 
Washington & Jefferson 
College and did post work at 
echnical 


registered oo preote 


manager ot re 
le elope nt tor 
Mellyvaine wa 


degree 


Soreny 


from 
graduate 
(Larnegu Institute He i 1 


ional enyeineet 


\t liter 
Philadelphia 
elected 


ten who ha 


thional Resistance Co 


Mars 


Marsten }|)a- 
ident. Mr 


heen actively eng 


Jesse 


enor vice pre 


Ihe expansion for the past 
1930 chief 
ident 
meermn in 1939 
member of the IRC Board of 


Committee and 


jommed the company in 


engineer and was elected vi pre 
of Afhtiate wid En 
He is a 
Director 
of the IRC subsidiari Caine 
ment Tre Hyeor Compan [real 
kimec. In 


ind bxecutive 


uit Instru 


lrclustric ind 


Edward }. Lunney }|)4 


chiet ¢ neinecr in 


been uppomle d 


charge of the research 


ind analysis department of Barry Con 
Watertown Ma 

hock and vibration 
Previously Mr. Lunney was 
Wright Air Develop 


where hi covered 


trols [ne manulac 


furer of isolation 
equipment 
issociated with 
work 


shock and 


ment Center 


many area ot Vibration 


in ily “i 


Jack Whiteside, general manager of 
Chicago, lL. has 
been promoted to vice president of the 
Gage & 


in charge of the Simpson 


Simpson Electric Co., 


parent company, American 


Machine Co 
Klectric With 
1945, when he joined the company 
staff development engineers, Mr. White 
side previously was employed by Gen 
Electric at Nela Park, Cleveland 
and at the Radiation Laboratory of 
Massachusetts Institute of 
He received his 
it Clase 
land 


Division Simpson since 


eral 


Tec hnology 
engineering education 
( le Ve 


Institute of Pechnology 


Robert M. Van Tassel his 
pointed head industrial de signer tor the 
Joy Manufacturing Co., attached to the 
staff. With Joy for 


Passel will stimu 


been ip 


Pittsburgh executive 
even year Mi Van 


late stvling advances on existing and 


Previously, he Was en 
and 


Division of 


new products 
gaged in product 
design for the ¢ 
Motor 


ce velopme nt 
idillac 


(ene ral 


\ppointment of Dr. Ernest A. Keller 
i director of research ha been al 
Panellit, Ine Skokie, II 
ind builder of control and data 


ystems. Dr. Keller will lead 


expanded research pro 


nounced by 
designer 
handling 
the company 
gvram which includes development pro} 
data handling and 


ect in iutomation 


computer ter hnology 


lexa Instruments Live ha id 
vanced Mark Shepherd, Jr. 


miele nl to vice 


from assist 
int viee pre president in 


ot the miconduector products 


Dalla 


ue ophy S104 


charge 
division Thi division of the 
based firm 


electronics and 


manulacture transistor 


le velop ind 
ind solid 


state devices 


ESC Corp 34 Bergen Blvd. Pali 
ale Park. N.J ha appointed Bernard 
head 


gn and development 


Brain department with responsi 
bility for the de 
of high power pulse forming network 
Previously. Mr. Brain had 
ciated for 1O-vears Federal Tele 


Laboratori 


been i 
with 
communications where he 


was instrumental in the development at 


PTM communications systems 
been elected 


iboratori 


joined RCA 


Dr. Douglas H. Ewing hia 

ident RCA I 
Princeton, NJ. Dr 
in 1945 during World 
War Il a i member of the technical 
taff of the Radiation Laboratory, Mas 


ichusetts Institute ol Te 


Vice pre 
| Witit 


ilter erving 


hnolog 





How would you solve these tricky 
temperature control problems? 


1. CONTROLLING HIGH FREQUENCY HEATING. In this vuleaniz 
ing patch press, precise temperature control of the platens wa 
required to prevent loss of electronic heat generated within the 
processed material. Fenwal’s solution was two THERMOSWITCH® 
units, set at 400F, mounted on the platen Result: a production 
rate of 3,000 patches per hour, compared to ordinary hot pre 
methods of. 30 per hour 


3. PROTECTING PRODUCTS. In this shoe lining smoother, the 
problem was twofold: to use the fewest possible thermostat 
provide close temperature control in order to prevent burning 
of shoe leather. Fenwal’s solution: a single adjustable THERMO 
SWITCH unit, mounted on one ironer and controlling two ironer 
This halved the number of thermostats indicated, while provid 
ing precision temperature control 


2. SAFETY IN A DISTILLING PROCESS called for a dependable 
failure alarm. A Fenwal THERMOSWITCH unit in the condenser’ 
afety vent solved the problem. Now, should the cold water 
upply fail, steam blowing through the condenser tubes will hit 
the THERMOSWITCH unit. This control, set at 120F, will then 
open, shutting off the electric heaters and sounding a continuou 
alarm 


CATALOG 500 


t 
iar TT ALT ee 
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4. SEND FOR NEW CATALOG, just off the pre It describe 
Fenwal’s complete line of THERMOSWITCH units and new indicat 
ing controllers for industrial applications. Fenwal engineers are 
always glad to help on any of your temperature control prob 
lem Write Fenwal Incorporated, 11 Pleasant St., Ashland, 
Massachusetts 


THERMOSWITCH' 


Controls Temperature 


PRECEDING 


Precisely 





UOC meme me 
va. and core loss figures with applications 


above curve shows the 


maximum va. and watt loss 


of El 144" 29 gauge Orthosil 3X laminations 
g j 


As a lamination user, you will want 
to know that guaranteed maximum 
va. and core loss is available for 
standard El transformer laminations 
and that you can correlate the figure s 
for your own applications 

This valuable information is of- 
fered exclusively by Thomas & Skin 
ner. For several years, Thomas & 
Skinner has accumulated data on 
standard EI laminations. Based upon 
an analysis of this information, T&S 
has established maximum va. and 
maximum core loss values of each El 
lamination at 1,000 and 10,000 gauss, 
OO CPS 

A MATERIAL CERTIFICA- 
PION is furnished with each ship 
ment of T&S laminations, and gives 
test figures for both core loss and ex- 


citing current on each heat annealed. 


This CERTIFICATION attests that 
cach shipment meets the specifica- 
tions set by the customer 

To you —as a lamination user 
these test figures mean elimination of 
need for retesting, adding up to im 
portant savings in your production. 

WRITE TODAY for Technical 
Bulletin DMF-1 giving test details 
and tables showing core loss and 
maximum va. Also request new 40- 
page Bulletin No. L-355 (illustrated 
below), on special and standard 


laminations. 


SPECIALISTS IN MAGNETIC MATERIALS... 


Permanent Magnets 


Y. | Laminations 


. and Wound Cores | 


Thomas & Skinner, Inc. 


1114 East 23rd Street, indianapolis 7, Ind. 


Rejoining RCA in 1951, Dr. Ewing was 
appointed director of research services 
of the RCA Laboratories in Princeton 
becoming administrative director, RCA 


Laboratories, in June 1954 


Puttle & Kift, Inc., Chicago, Ill a 
subsidiary of Ferro Corp. has appointed 
Douglas F. Milian director of research 
and development for all T-K plants and 
products, including tubular-type ele 
tric heating units for appliances and 
made at the 
company Chicago and Batavia, Ill 
plant 


small electric switches 


Oliver Mueller has been appointed 
chief engineer of the Aircraft Controls 
Division, Gorn Eleetrie Co Stamford 
Conn. Prior to joining the company 


Mr. Mueller served as chief enginees 
of the Fisher & Porter Co 


Holder of the newly created post of 
chief project engineer of the Thomas 
A. Edison, Inc., Instrument Division, is 
Robert S. Buritz, who came to Edison 
from the Westinghouse Research Labo 


ratories 


Standard-Thomson Corp Dayton 
Ohio has announced the appointment otf 
Everett M. Patterson 4- 
neer, Mr 


vice president in charge of engineering 


ol Avien Ine Woodside N.Y and 


brings to his present post 27 years of 


executive engi 


Patterson most recently wa 


‘ Xperience inh research and develop 


ment work in electronic and nucleonics 


\ppointme nt of N. Elliott Felt, Jr... as 
Project Van 
world’s — first 


operations manager of 
guard —the man-made 
earth satellite-has been announced by 
the Glenn L. Martin Co., Baltimore 
Md Mr. Felt will direct) planning 
design and manufacture of the three 
stage rocket that will carry the satellite 
into space Mr. Felt was responsible 


for designing the guidance system of 


Martin’s Viking rocket 


Ezra S. Krendel has been appointed 
section chief of the newly established 
Engineering Psychology section of the 
Franklin Institute Laboratories for Re 
search and Development, Philadelphia, 
Pa. Holding degrees from Brooklyn 
College and Harvard, Mr. Krendel has 
been project leader on several projects 
in engineering psychology at the Lab 
oratories, which he joined in 1949. 


Joseph C. Morrison has been appoint- 
ed manager of the Engineering Labora 
tory and Development Shop of G.E.’s 
Power Tube Sub-Department in Sche 
nectady. Associated with the company 
since 194], when he started as a test 
engineer in the Industrial Control Divi 


sion, Mr 


Morrison has served in vari 
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--- INDUSTRIAL 
LIGHTING 
SPECIALISTS 





GENERAL LIGHTING 


. HAZARDOUS LOCATIONS 


OUTSIDE LOCATIONS 
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ELECTRIC MANUFACTURING COMPANY 


Vandeventer and Easton Aves. St. Louis 13, Missouri 


SALES OFFICES and | Qo” 
WAREHOUSE STOCKS 


SALES OFFICES 
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MAKE YOUR COIL WINDING Yi 


TAIT PL ale 
a Pp 


SPIRAL WOUND 


NOT DIE FORMED 


ANY SIZE—SQUARE OR RECTANGULAR 
Entirely new technique in tube making developed 
and perfected by PARAMOUNT now for the first 
ve any coil winding problems, yet costs 

lice te) slekibe end time sol es many »il winding problems yet cost 
physical strength you no more! Hi-Dielectric. Hi-Strength. Kraft, 

© Permits winding coils Fish Paper, Acetate, Red Rope or any combination 
to closer tolerances wound on automatic machines. Produced from 
stock arbors or special sizes engineered for you. 
Write on Company letterhead for Stock Arbor List of over 2000 sizes 


No shorp outside edges 


to cul wire 


* No need for wedges to 
tighten wire 


® Allows faster stacking 
of wound coils 


PARAMOUNT PAPER TUBE CORP. 


612 LAFAYETTE STREET, FORT WAYNE 2, INDIANA 
Manufacturers of Paper Tubing for the Electrical Industry Since 1931 













MARK-TIME 
helps designers 
meet 


RIGID 
Specifications 


Manufacturers with unusual 
timing problems have found that 


MARK.-TIME engineers come up 


with the answer in quick time 













MARK-TIME 
makes the difference! 





For vour new designs turn to 
MARK-TIME, with 25 years of 
expenence in the design and manu 
facture of timing devices, for the 
right control unit 


Atom-Powered X-ray Unit 





A compact Mark-Time timing 
mechanism controls the radio-active 
exposure interval of this new light 
weight atom-powered X-ray unit. In 
the Mark-Time unit, the toggle that 


releases the shutter is constructed as 
















a lock, allowing the timing mechanism 
to be pre-set and put in operation by 


a flick of the toggle. Further proof 

Hi H RHODES hth that where precise timing, weight 

x i L . and size are critical MARK-TIME 
HARTFORI P iT " y 


makes the difference 


MARK-TIME representatives 
in cities throughout the U.S 


Manufactured and sold in Canodo by 
SPERRY GYROSCOPE OTTAWA, Limited 


} Homilton St, Ottawa, Ontario, Canada 
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ous supervisory capacities in several 
components of the company, including 
Carboloy, Carbon Products and Plas 
tics, among others 


Sterling Electric Motors Inc., Los 
Angeles has advanced A. J). Allcock, Jr. 
from chief mechanical engineer to chief 
staff engineer. With the assignment of 
Mr. Allcock to this post, Sterling adds 


in executive engineering service tor 
istomers in addition to a field staff of 
application engineers. His new duties 
will take him to various sections of 


the country, working in conjunction 
with the compan nation-wide sales 


organization, 


In his new position of vice president 
in charge of operations of El-Tronics, 
Inc., Philadelphia, Arnold A. Zachow 
will be in charge of all phases of engi- 
neering, development and production of 
nuclear equipment at the firm’s plant 
in Mayfield, Pa. A graduate of Rens- 
selaer Polytechnic Institute with both 
a bachelor and master’s degree in 
aeronautical engineering from that in 
stitute. Mr. Zachow joined the EL- 
Tronics staff in 1953 


William P. Maginnis has been elected 
president of Kuthe Laboratories, Inc. 
Newark, N.J., a subsidiary of Inter- 
national Telephone and Telegraph 
Corp. Prior to his present appointment, 
Mr. Maginnis was vice president and 
works manager of the components divi- 


sion of Federal Telephone and Radio 
Co 


Vincent V. Tivy, formerly manager 
of refinery instrument sales for the 
Foxboro Co., Foxboro, Mass. has been 
appointed the firm’s chief applications 
engineer, responsible for coordinating 
sales engineering with product develop 
ment and production engineering acti 


vities 


\ppointment of John H. Bouwmeester 
as vice president of manufacturing and 
i director of the company has been 
announced by General Ceramics Corp., 
Keashey, N.J. Until recently Mr. Bouw ° 
meester was associated with Indiana 
Steel Products Co. in a similar posi 
thon 

Another new appointment at General 
Ceramics is that of James W. Schallerer 
to the position of project engineer de 
veloping magnets memory devices and 
allied equipment 


Robert J. Levine has been appointed 
chief engineer of the Edin Co., Ine., 
Worcester, Mass., where he will direct 
the activities of the recently expanded 
engineering department in the develop 
ment of a new group of medical and 


scientific instrument control apparatus 
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TAYLOR 


Laminated Plastics 
Vulcanized Fibre 


PHENOL MELAMINE SILICONE 


Tips for designers 


‘ 
4 


ae 
— 


Cy 
Ww), 


a 


Frames for industrial eye-glasses, of Taylor 
Phenolic Laminate are resistant to moisture 


and acids, possess high physical strength 


Rotary lawn mower utilizes abrasion re 
sistance of Taylor Phenolic Laminate washer in 


slip-clutch attachment of drive shaft to cutting 
blade 


2 


Rollers for flush doors are now being made from 
Taylor paper base tubing with ball bearing insert 


providing smooth, silent operation « 1 low cost 


Automobile clock is securely and economically 
mounted on inside surface of metal dashboard, 
with a spacer fabricated from Taylor Vulcanized 


Fibre 





TAYLOR FABRICATING 
FACILITIES 


Your production problems can 


often be chedule 


implified 
afeguarded inventory head 
iches cured ind overall cost 
reduced by having ‘Taylor fabri 
cate finished parts of vulcanized 
fibre ind laminate to your 
pecifications. Efficient, modern 
facilitse ire ready to serve you 
Write to Taylor about your i 


cihe requirement 





READE! 


INOUIRY t 


EPOXY LAMINATES 


Plant mn Mas ' 


* COMBINATION LAMINATE 


Jack & Heintz engineers selected Ta 


dependable | 


Shop Talk 


rAv OR 


sulation of rotor winding DC generator for 


a? 


ak ga @. co 


f 


ASS ROU 


” ass base silicone laminates for 


aircraft 


For critical insulation requirements 


use Taylor glass base laminates 


Looking for exactly the right lam 


inate to handle a 


particularly 


tough electrical insulation job? 
You'll find what you need in the 
many grades of ‘l'aylor glass base 
laminates each using a special 


formulation of ‘Taylor 


phenol, 
melamine, silicone, or epoxy resin 
Possessing a broad range of stable 
insulation qualities and high me 
chanical strength, these laminates 
are standard ‘l'aylor products 
rather than “ 


Spec ial made up il 


infrequent intervals 


Krom this group of materials you 
can select not only the insulation 
characteristics you need but also 
any desired combination of: pro 
longed service at elevated tem 
peratures 


resistance to chemical 


action, retention of physical prop 


erties, and low moisture absorp 


tion. And they are available in 
heets, tubes and rods, in sizes 
that afford maximum economy of 
material usage in your manufac 


turing processes 


Kqually important in your con- 
sideration of these laminates are 
the specialized techniques and fa 


cilities of ‘T'aylor’s 


labricating 
Division capable of producing 
ris to your own specification 


promptly and economically. 


Plan to take advantage of these 


high-performance laminates in 


your present products or those 
which you are now designing. Call 
on ‘Taylor for a discussion of your 
specific requirements for gla 

base laminates and for efficient 


fabrication service 















Nine Types in 77 


CUSTOM 
PANEL 
METERS 


The appearance of your equipment 
will be enhanced by PHAOSTRON 
meters with their high style, die cast 
bezels and large easy-to-read 


scales 


You can depend upon 2‘ 


accur- 
acy because these meters are cali 
brated to within 1% of full-scale 
deflection with controlled, certified 


standards 


Continuous accuracy is assured by 
the UNITIZED METER MOVEMENT 

SSEMBLY which provides integral 
mechanical stability. The aged 
alnico magnet of the meter is 
protected from the effects of stray 


magnetic fields by the steel case 


These units are also equipped with 


insulated zero adjustments 


Standard Ranges are available at your Parts Distributor 


if you have a special requirement, write to the Product Development Depart 


ment for a practical recommendation 


PHAOSTRON INSTRUMENT AND ELECTRONIC COMPANY 
151 PASADENA AVE., SOUTH PASADENA, CALIF. 
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General Electric |ias realigned it 


organization to better meet the “enor 


mous imereases anticipated in the use 
of electrical and electronic products 
vith production expected lo double il 


the next five vears. In the realignment 


“IX company components Operating in 
the field of producers’ and military 
electronics have been assigned to the 


These 
include the Specialty Control Department 
the K-Ray Department, the Naval Ord- 
nance Department, t\ie Special Detense 
Projects Department, t\ic Aircraft Products 
Department and the Schenectady Aero- 
nautic and Ordnance Operation. 

The Electronics 


company s Electronics Division. 


which had 
and bles 
shifted to the 


Division 
been a part of the Appliance 
tronics Group, has been 
newly named Electronic, Atomic, and 
Detense Systems Group. 

The changes also involve the re 
grouping of all company major con 
umer product activities into a Consumer 
Products Group, formerly the Appliance 
ind Electronics Group. The group in 
chute five divisions among them the 
Appliance and Television Receiver Divi- 


Major Appliance 


und the Housewares and Radio 


sion formerly the 
Division 
Small 


Receiver Division, formerly the 


Appli ithe 


New departments have been estab 


Division 
lished in each of these divisions to 
irry on the company’s home radio and 
television activities The Consumer 
Products Group also includes the com 
pany Air Conditioning Division, Hot- 
point Company Division, and Lamp Divi- 
sion 
Products 


Group now becomes the Industrial Com- 


The Industrial and Lamp 


ponents and Materials Group 


Addition of 6400 sq ft of space in 
facilities of the Electronic 
Engineering Company of California to a 
total area of 26,000 sq ft. The new 
iddition, located at 183 South Alvarado 
additional 


iwards of military and commercial re 


creases the 
was made necessary by 


earch and development contracts 


c. 0. tie @ Ge.., 


manufacturer, has added fom Connors 


Chicago relay 


Ir., formerly with Sperry Gyroscope 


Co., to its New York office is sales 
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48 hours at minus 54°C... then the tests 


start in earnest on this special portable power cable 


Vechnicians go into the cold chamber lo withstand extreme cold and rough 
to see how punishment will affect their handling, both 


victim,” described by military speci ire specially 


toll hie tire competence itt cle Hut 


insulation ane jacket id production Cun pros icle pecia 


compounded rubber. The ver and 


electronic cable for non 


fications as a cable for “interconnection rope iditiar purpose 


tranded conductor ive: cle 
of power and control units of portable for extreme Hexin At anv time Rome engineé: 
equipment What this means to you ready to discu Vil ind mean 
The specifications call for “severe 

flexing at extremely low te mperature 
o they wind the cable two full turns 
round a mandrel 5 times the outsice 
diameter of the cable Another test is to 


place the cable on a steel anvil then 


arop. at v ‘ ft ‘ ( { eet 
li | it right angle t force of thr Heovy rubber jacket Tape and fillers 
toot pounds three times on the same 


If you need a qualified ource for wire meeting your specifications at the low 


est practical cost Write or 
pecihcation Rome Cable can hely detail 


or cable that meet severe militar phione for 


Flexible rope stranded copper conducters 
pot. A fracture in either case mean 
failure. These are only two of many rig 
orous performance tests for this cable 
Phe cable, a product of Rome Cable 
CHMINCCTING, Passe these tests on all 
counts. This 600-volt construction is 
used as a portable cable connecting 
auxiliary starters to jet planes, as a 
power cable for portable tools, porta 
bl generaung qepen nt lighting , white and block colored tapes Rubber insulciion 
equipment and temporary distribution 
tems 


[t Costs Less ROME CABLE 
to Buy the Best Comporation 
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SERVOMOTORS? 


You won't have to consider a ‘‘second” source 
when your first source is DIEHL... 


DIEHL has the 
CAPACITY you want 


Nearly 600,000 square feet of production 
space, and 3,000 engineers, technicians and 
skilled workers are available to meet your 
rotating electrical component requirements! 


DIEHL has the 
RESPONSIBILITY you demand 


Seven decades of electric motor experience 
are behind every Diehl Servomotor. Each year 
Diehl manufactures well over a million 

motors of various types! 


DIEHL has the 


COMPONENTS you need 


A.C. SERVOMOTORS e A.C. SERVOMOTORS WITH 
A.C. TACHOMETERS « A.C. SERVOMOTORS 
WITH D.C. TACHOMETERS e A.C. AND D.C. 
TACHOMETERS e¢ D.C. SERVO SETS « RESOLVERS 


WRITE, WIRE OR ‘PHONE today for full 
information. 


T 


DIEHL MANUFACTURING COMPANY 


Electrical Division of THE SINGER MANUFACTURING CO 
Finderne Plant SOMERVILLE, N. J 


engineer, and has appointed Tom 
Buroojy to its Philadelphia office, now 
located at JO1 North 33rd St., Phila 
delphia 4. Pa 


American Thermostat Corp., has com- 
pleted a new plant near South Cairo 
N.Y., now in full operation. Formerly 
afhliated — with American General 
Thermostat Corp.. which ceased opera 
tion on Sept. 1, American Thermostat 
will make all types of appliance 
thermostats supplied by the former 


organization 


\ $3.500.000 addition to The Black 
and Decker Manufacturing Co.'s electri: 
tool plant al Hampstead Md will 
about double that) plant’s area and 
should be ready for oceupaney by next 
Oct. Containing about 200,000 sq_ ft 
the new addition will be the third fa 
tory unit erected at Hampstead since 
start of construction of the first unit at 
this site in 195] 


Corning Glass Works, Corning, N.Y 
has announced plans to enlarge its 
facilities for manufacturing glass ele: 
tronic components in Bradford, Pa 
with eventual installation of automatic 
resistor and capacitor production equip 
ment contemplated for the future. This 
move is part of the company’s an 
nounced intention to manufacture and 
sell components to all original equip 
ment manufacturers of electronic equip 


ment 


Kolisman Instrument Corp., Elmhurst 
N.Y.. wholly owned subsidiary of Stand- 
ard Coil Products Co., Inc. is construct 
ng a new manutacturing plant In Syos 
set. Long Island, N.Y that will in 
crease Kollsman’s combined working 
area to approximately 14 million sq ft 
space. Manufacturer of precision ai 
craft and optical instruments and sys 
tems, Kollsman expects to have its new 
plant completed in the fall of 1956 


\ new West Coast office has been 
opened by the Saginaw Steering Gear 
Division of General Motors Corp. at 13542 
Ventura Blvd.. Sherman Oaks, Calif 
In charge is Maurice K. Horan, who 
will handle all sales for Saginaw ball 
bearing screws and splines in the Cali 


fornia area 


Link-Belt Co., Chicago, has an 
nounced that, as a result of exchange 
of stock, it will operate the Syntron Co., 
Homer City, Pa., as a Link-Belt sub 
sidiary. “The produc ts of the two com 
panies tend to supplement each other,” 
according to Robert C. Becherer, presi 
dent of Link-Belt. Link-Belt manufa 
tures materials handling, processing 


and power transmission machinery 
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Continuous Coils 
Cut Production 
Ores tr 


TRUEFLEX Thermostat Metal Coils Over 
’ Mile Long in One Piece Simplify Fabrication 
and Reduce Costs in Thermal Element Manufacture 


The problem to obtain thermostat control indi 


ition or compensation 
metal strip in a series of types having the accurate 


performance and uniform 
sufficiently uniform dimensional con high quality of TRUFLEx 
trol and temperature response to be Metals will 


Phermostat 
ive you money too 
fabricated into finished parts on auto Here vhy! General Plate Di 
matic machine use id 


sion 
inced production method 
The solution : |; the consist combining the be 


ent quality of each type of TRUFLEX 4 ye 


Lequipmenta ithable 


y ir of manutacturing KNOW 
te ted quickly demon trated that ma 1OW Lo in 


ure po ilive ¢« rn tence 


production by machine was fully prac thermal and mechanical pert 
tical for all type PRUFLS Thermostat Met 


Ste p 2; General P ion then (;eneral Plate Division 1] t te GENERAL PLATE ELECTRICAL 


upplied the requir t in long parts from TRUFLEX to meet the CONTACT KIT 
oil feet in diamet A icenter hole cific mechanical and electrical form FOR LABORATORY 


ND DEVELOPMENT USE 
to fit the customer Lomath ma ince demands of your particu rappli Am “at r 


il ou p efer 
plece 1800 feet lon y 0.040" thick OV part (;eneral Plate 
ind 0.250 wide 


chine arbor Keach coil is a continuou i) Oy 


rRUFLEX ‘Thermo 


The e coil ive the ¢ mm many trip to meet your pecih 


dollar by minimizing en Write today for your coy 


time and eliminatin 0 y W ) rRUFLEX ‘Thermostat 
material in fabrication engineering assistance 


If yvour product require temperature out obligation 


METALS & CONTROLS CORPORATION _ 
GENERAL PLATE DIVISION tiuettneagaadl 
41 FOREST STREET, ATTLEBORO, MASS. 


A LL CIT SL ESSA CTD 
26% 
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whiile Syntron has developed equip- 


ment in the electromagnetic and ele 
tron helds produc ing feeders se le 


nium rectifiers, and similar products 


\ metals pilot plant designed to 
bridge the gap between laboratory and 
commercial production of new alloys 
ind processes has been opened by the 
Westinghouse Electric Corp., Blairsville, 
Pa. Created as the final link in West 
inghouse’s rapidly expanding metallur 
gical de velopment facilities, the 173 
OOO sq-ft plant will) process both 


wrought and cast alloy 


The Bunting Bross & Bronze Co., 
loledo, Ohio has purchased the Detroit 
Sintered Metals Corp., Detroit, Mich., 
manufacturer of bearings and parts 
made of powdered metals. The new 
requisition become i wholly owned 
printing company that will retain its 


present management 


\s the first step in a major construc 
tion program Litton Industries, beverly 
Hills, Calif. is constructing adjacent to 
its Power Tube Division’s facilities in 
San Carlos, Calif., a 40,000 sq ft build 
ing on a recently purchased 11 acre 
ite Litton will have a total plant area 
of S090,000 sq tt at its seven locations 
when this phase of the expansion 


comple ted 


Formation of the Agile Plastic Corpo- 
ration of California has been announced 
hy the American Agile Corp., Maple 
Height (Cleveland) Ohio The new 
corporation with he 1dquarters in’ the 
birst Western Bank Building, Santa 
Ana, Calif., will be directed by Amer 

Agile on a long term franchise 


rangement 


Baldwin-Lima-Hamilton Corp., Phila 
delphia has established a new division 
to be known as the Electronics and In- 
strumentation Division, with head 
quarters near Boston, where manufac 
turing activities of the division will be 


concentrated 


The Daven Co. has moved into a new 
plant at 530 Mt. Pleasant Ave., on 
Route LO in Livingston N J The ex 
panded facilities provided by the 65,000 
q-ft building will permit an increase 
in the firm engineering staff and 
allow greater emphasis on research and 
development by the company, whicl 
manufactures attenuator precision 
wire wound resistors, rotary switches 


ind electronic test equipment 


P. R. Mallory & Co., Inc., Indianapo 
ind Schwarzkopf Development Corp 
ive formed the Matllory-Schwarzkopf 
Metals, Inc., a jointly owned company 


that will produce ind fabricate refra 
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Insulating Products 


Proven 
resistance 
to molds, t 


illustrated 


High Temperature Vinyl Tubing 
Meets Mil-I-631B Specification 


Pemflex*® 105 is the first vinyl tub 


ine to be approved under Mal-l 


Irvington on more than 20 different combinations of polyester film 631B (oradk le aia 


laminated with kraft or rag . . . woven glass or asbestos . .. in as being both fungusproof and 


in Stock—-Over Twenty Combinations 
Polyester Film Laminated Insulation 


Why wait for your polyester film laminate or use an untested 


substitute? Now you can get immediate quantity delivery from 


dupl X OF triple x construction ‘I he re are hundreds of other combi- flame resistant the first mate 
nations available, utilizing the best Class A and Class B materials. All rial to add these features to excel 


, ' ' 
t heat aging and high dchelectri 


treneth. Temflex 105 has hivher 


resistance to cut throuvh. too. av 


are fully tested and proved . . . bonded with special Irvington ad- 
hesives that effectively safeguard against the delaminating effects of 
heat or solvents. The exceptional dielectric strength and heat stability eraging 20% over older types in 


of these tough combinations prove a distinct advantage in re-rated tandard penetration test also 
( { O \ 

motors or other compact equipment... in coil, relay Seaton. ipproved by UL for continuou 

’ Operation ;¢ LOD ( Now miore 

and dry type transformer insulation. Write for technical 

) than ever, Temflex 105 tubing i 

data and new sample folder | 


ir superior oO. for harne 


ry and wire in 


IRVINGTON DIVISION 


MINNESOTA MINING AND MANUFACTURING COMPANY 
9 ARGYLE TERRACE IRVINGTON 11, N. J. 


READER INQUIRY SERVICE CARDS, PRECEDING B 





they're ee 


Sturdy 2 and 3 conductor plugs, reduced in size, are made in a 
wide variety of terminal and handle styles. Metal handles are 
baked enamel striped plastic handles in red or black. Screw type, 
combination clamp and solder lug or plain solder lug terminals 


Jacks make positive electrical contact with standard mating plugs 
by positive spring pressure. Springs are nickel silver material, in 
suring long life and maximum sgolderability. Made in two and three 
conductor types open and closed circuit 


Microphone connectors, both cord and panel mounted, are ruggedly 
made of nickel plated brass. 


Send for bulletin giving complete specifications on these new prod- 
ucts of a long established manufacturer 


Division of Hamilton-Pax, Inc 
a ee -_ —Mr®D | 


3747 N. Kedzie Avenue, Chicago 18, Illinois 


Need HELP 


ss s . = Td has 
in designing coils! 

erat al staal sd 
bail -Taasl-1 ies 4 
Alkanex 
TIT aelil3) 
Te: (1a 4 ee 


Bondeze 


Cement Coated 


Nylon 


DELUXE COILS, Inc. 


1300 FIRST STREET Wabash, Indiana 


tory metals principally for electroni 
aircraft and related equipment 

The enture is an extension of 
Mallory’s long standing interests in 
the metals field) and couples with it 
the metallurgical experience of the 
Schwarzkopf organization in the U.S 
kngland, and Austria. A new plant is 
planned for Huntsvile, Ala., with initial 
operations scheduled for late 1956 


Fairchild Camera and_ Instrument 
Corp., Syosset. \. Y.. has established a 
Nuclear Instrumentation Department 
headed by Dr. Harold Eugene DeBolt 
formerly with the Nuclear Power Divi 
ion of the Na Bureau of Ships and 
the Naval Reactor Branch of the Re 
ilo De velopment Division ot thie 
\iomic Energ Commission, Products 
under consideration for development 
ind manulacture include radiation 
monitoring equipment control rod drive 
mechanism he ilomie reactors, and 


related device 


The Ramo-Wooldridge Corp., Califo: 
nia electronics guided-missile firm, has 
required an additional 41 acres of land 
in the International Airport district of 
Los Angele at a cost of more than 
SL50.000. Over i period of years the 
company plans to establish there a 
center for the firm's research activities 
Buildings currently occupied or under 
construction by Ramo-Wooldridge total 
300.000 sq ft 


Phirts one eparate ca h awards will 
be made in a $1,000 prize contest for 
engineers and de igners for the best 


new applications of thin gage or high 


precision tolerance stainless steel strip 
Sponsored by the American Silver Co., 
the contest closes midnight, May 30 
1956. Further information may be ob 
tained by writing to the Chairman, 
Prize Awards Committee, American Sil- 


ver Co... Flushing 54, N. ¥ 


New and larger quarters for the 
manufacture of printed circuits has 
been opened by Insulated Circuits Inc. 
at West Caldwell, N. J The company 
was founded in 1953 by Robert A 
Curran, pre sident and general manager 
Milton M. Gerber is director of engi- 
neering and research: Robert Rocha 


is chief engineer 


The Garrett Corp., Ios Angeles has 
established a Rex Division to conduct 
a long range research and development 


program in the field of aeronautics 


Completion of a move to its new 
plant on East 289th St. in Wickliffe 
Ohio has been announced by the Oster 
Manufacturing Co. The plant, with a 
total area of 105,000 sq it, 1s located 


in an eastern suburb of Cleveland 
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For 
NON-FERROUS 

SHELL MOLDING 
...see PB& B 





High 


conductivity cop pe p for 





cuit breaker assembly, formerly 
machined from. bar lock, are nou 
hell-molded and brazed together al 
Varine hardware part hell-molded of manga arge saving vn total cost 
nese bronze by Philadelphia B e & Bra 
Note the smooth cast finish and clear def lion of 
me rking Pree ee eliminate m } 
of interiv f 
Need non-ferrous casting to close tolerances? trical part ~and aluminum and manganese bronze 
Shell molding, by Philadelphia Bronze & Bra for structural member 
ean offer vou substantial savings. This new foun 
ary proce produce moother surface hold Complete facilities. Under a single re ponsl 
4 lity . ene ) ty . : 1 
tolerances as close as 0.003 pel inch reduce bilitv are encon pu ed all activitie Lo produce 
fi “dd castings to yout “ifications, including 
finish machining requirement permits intri inished castit a on - 
the design and making of shell molding pattern 
cate coring. On production quantities, if cost 


Custing capacity ranges up to parts 80 pounds in 
weight and molds up to 15’’ by 20’. The most 
modern laboratory equipment is used to maintain 


often Compares with that of sand casting 


B bringing your hell molding rroblem to PB&B, 
} 


‘ 


: trict quality control over each step in production 
you profit by these extra value 


For a discussion of your specifie shell molding 
Specialized experience. lor years we have spe application, write today to Philadelphia Bronze 


clalized in casting a variety of non-ferrous alloys, & Brass, or to anv of the field offices of P. R 
including high conductivity copper alloy for elee Mallory XW Co Inc 







PHILADELPHIA 
BRONZE & BRASS CORP. 


Pe me eee) es 


ye 
MALLORY 


HEADER INOUIRY SERVICE CARDS, PRECEDING BACK COVER 
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a) Pan’s 
HEATER 


what can on phenolics help YOU do better? 


@ Many a crail leading to manufacturing short cuts and better prod ict service 
beng blazed with Durez phenolics 


the basic engineering plastics One ot 


recent note resulted in this fry pan with its electric unit molded rmgehte inco the 


etal casting durmny the shell molding 


hells bonded with Durez resins 


operation Casting the metal in 
this manufacturer 

reduced assembly and machining operations, saved 

on labor costs, and practicall eliminated spotlage 

Phen he finished off a superior product with a beau 

tiful yet-black, heat-resistant handle, legs, and covet 

knob molded of Durez phe noli plaster 

Durez phenol resins of molding compounds or 

both, could help you solve design of production 

problems that no other material can do so well 


Falk with your molder or call on our tech 


nical field men yy 


Ff VOU ARE interested in casting by the shell mold process 
ask for our “Guide to Shell Molding If you are interested in formed plastic parts 
ask tor “ Facts on Phenolics 


HOOKER ELECTROCHEMICAL COMPANY 


May 
CHEMICALS 


1301 WALCK ROAD, NORTH TONAWANDA, WN. Y. 


Phenolic molding materials and 


phenolic resins that fit the jol 


where since 1952 Oster has operated a 
$6,000 sq ft facility at the Wickliffe 
address as an adjunct to its main Cleve 
land plant at 2057 E. 61st St 


Assets and business of Niles-Bement- 
Pond Co., recently merged into Penna- 
Texas Corp., have been transferred to a 
newly formed corporation to be known 
as Pratt G Whitney Co., Inc. It will 
operate as a subsidiary of Penn-Texas 
This change in company name restores 
to the organization, located in West 
Hartford, Conn. its original name, 
established 95 years ago when the ma- 


chine tool company was first organized 


Sterling Precision Instrument Corp., 
Buffalo, N.Y., has formed the Cam- 
bridge Engineering Laboratory to 229 
Binney St., Cambridge, Mass. as a new 
facility of its Instrument Division, Flush 
ing, N.Y 


ize in development, assembly and test 


The new facility will special 


of high precision gyros (floated and 
unfloated) and associated aircraft in 


struments 


Coincident with the merger of Gay- 
lord Container Corp. of St. Louis with 
Crown Zellerbach Corp. of San Fran 
cisco, a new company was formed 
under the laws of the State of Missouri 
known as Gaylord Container Corp. The 
new company is a wholly owned subsid 
iary of Crown Zellerbach and will 
manage the operations of the Gaylord 
facilitic 


A new $3,000,000 plant to house semi 
conductor engineering and additional 
manufacturing facilities is being erected 
it Somerville. N.J.. for the newly cre 
ated semiconductor division of the Radio 
Corporation of America. Until comple- 
tion of the plant headquarters of the 
Division, headed up by Dr. Alan M. 
located at the RCA 
plant in Harrison, N.J 


Glover, will be 


Precision Transformer Corp., Chicago 
has purchased a complete engineering 
and design file covering both liquid 
filled and air-cooled transformers up to 
and including 3000 kva, from the Stock- 
well Transformer Corp. The field-tested 
designs will enable precision trans 
former to manufacture complete line 
of both liquid-filled transformers and 


dry-type transformers 


Expansion of its electronics testing 
facilities and services enable Electrical 
Testing Laboratories, Inc. to East End 
Ave., New York, to conduct test and 
engineering investigations well into the 
microwave regions. New laboratory 
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A BILLION OPERATIONS 


eee with no maintenance whatsoever 


e+. from NEW CLARE 
Mercury-Wetted Contact Relays 


ROT VMs meek il? Mety- Lee 
in-glass, mercury-wetted contact 
switch, surrounded by the oper- 
ating coil and encased in a metal 
housing mounted on an octal base. 
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This first announcement of the new CLARE Mercury- 
Wetted Contact Relays is of especial importance to designers 


CLARE Type HG and HGP Relays of high-speed switching machines and devices which de- 
ere bull fo meet mand accuracy and dependability of a high order. 


the exacting requirements for— 





a 


In these relays, with their unique electrical and mechani- 
cal stability, you will find exactly the qualities this kind of 


Computing machines Servo-mechanisms Ro 
apparatus requires— 


Sorting machines Relay amplifiers 
Tabulating machines High-speed keying relays — Long life (over a billion operations) 
Totalizers Signaling devices tal " : 
All kinds of high-speed switching devices — High speed (up to 60 operations a second) 
—High current- and voltage-handling capacity 
Outstanding features of (up to 5 amperes, and up to 500 volts) 
CLARE Type HG and HGP Relays — Bounce- and chatter-free contacts 


— Extraordinary uniformity of operation 
ELECTRICAL FEATURES : ; 
These distinctive characteristics are achieved by the use of 
LONG LIFE: Conservative life expectancy of platinum contact surfaces, continuously wetted with mer- 
over a billion operations when operated within 
ratings. 


HIGH SPEED: Give consistent performance 
at speeds up to 60 operations per second. 


HIGH CURRENT ~—and voltage-handling ca- 


cury by capillary action, and the hermetic sealing of a 
magnetic switch in a protected glass capsule, filled with 
pressurized hydrogen. 

CLARE Type HG Relays comprise a switch element and 


pacity (up to 5 amperes, and up to 500 volts). an operating coil. CLARE Type HGP Relays are similar 
' UNIFORMITY: Operating time varies by only but can be factory-adjusted to provide either biased or 

about 0.1 millisecond under constant drive polarized operating characteristics. 

conditions. 


For complete information on the new CLARE Type HG and 


CHATTER-FREE: Mercury dampens arma- HGP Mercury-Wetted Contact Relays, contact your nearest 
ture vibration and bridges mechanical chatter CLARE represe ntative or address A P. Clare & Co , 310] 
between metal contact surfaces. Pratt Blud., Chicago 45, Illinois. 


Send for CLARE Sales Engineering Bulletin No.120 


MECHANICAL FEATURES 


@ Small chassis space required 
@ Convenient plug-in mounting 
@ Environment-free 

@ Tamperproof 

@ High sensitivity 

@ Maintenance-free 

@ No contact wear 

@ Adjustment cannot change 





Co ee 


STORDD-BNERGY WELDING SPEEDS 
VACUUM TUBE ASSEMBLY 


critical 
vacuum tube 


components welded 
reliably, uniformly, 


instantly * 


WELDMATIC MODEL 1015 precision welder firmly 
joins wires, sheets and blocks of tungsten nickel, 
nichrome, steel, silver and copper in tube element 
assembly for mass spectrograph guns 

Molybdenum and tantalum also 


welded in plate assemblies 


*Made by Consolidated Engineering 


Ay tek UNITEK CORPORATION 
Wwe iL ATIC 258 Halstead Avenue * Pasadena 8, California ; 


Wy / implete Technical Infor 
i} y Welding 


J 


INJECTION MOLDING TECHNIQUES 
OFFER WIDE FLEXIBILITY 
AT IMPORTANT SAVINGS! 


. ° "ary Gries’ tiny thermoplastic part meet sim 

new WAST possibilities ple or imtricate specifications precisely 
: uniformly and economically we mold 

flea) p aeltMalels economy all thermoplastics! Nylon, Kel-f ace 
tates polystyrene polyethylene tc 


Quantiti f 25,000 to millions 


SMALL PLASTIC PARTS 


NYLON A SPECIALTY! 


Gre unique special molding 
facilities make the most of 
nylon’s unique advantages af 


the least cost! 


AUTOMATIC INSERT 
MOLDING. Exciusive facili 


Write today tes for individual or con 
for samples tinuous inserts finish 4 
and informative parts 
bulletins; 

send prints 
for quotations f any kind! 


produced automatical 


, without manual labor 


MAXIMUM SIZE 
O3 oz. I'4 long 


NO MINIMUM SIZE! 


GRIES REPRODUCER CORP. 


World's Foremost Producer of Small Die Castings 
149 Beechwood Avenue, New Rochelle, N. Y. « Telephone: NEw Rochelle 3-8600 


equipment enables complete electronic 
testing for either private requirements 
or to government specifications, and 
includes specialized equipment both for 
work in the microwave region as well 
a lor testing equipment, components 


ind materials 


\ $2,700,000 addition to the Radio 
Corporation of America’s plant at Cam 
bridge Ohio. will be constructed to 
meet demands for increased production 

recorders and high fidelity in 
trument The addition will add more 
than 210.000 sq ft to the present 135 
000 sq-ft Cambridge plant— now used 
for the manufacture of fabricated parts 
for record players, radios and television 
receiver i well a for the assembly 
of record changer ind Vietrola phono 
vr iph 


Automatic Electric Co. is erecting a 
multi-million dollar factory, research 
laboratory and general ofhee structure 
about 15 miles from downtown Chicago 
in Northlake, IL Scheduled to cost 
more than 16 million dollars, the new 
facility should be completed by late 
1957. providing the company with ap- 
proximately 1,300,000) sq ft of floor 
space, in which the company will be 
able to consolidate all of its Chicago 
operations now housed in 14 different 


building 


Ground breaking ceremonies have 
heen held for a new enginering build 
y to be located near the Lynwood 
Calif. plant of Western Gear Corp., de 
igner and manufacturer of special 
machinery and mechanical powered 
transmission equipment. The new build 
ing will have more than 20,000 sq it 
of work space and will cost more than 
$250,000 providing quarters for 200 
engineer The addition is part of a 
substantial expansion program under 


taken by the corporation. 


Graduate study in plastics leading to 
the degree of Master of Seience in 
hngineering particularly suited — for 
qualifying electrical and mechanical 
yraduate engineer among others, is 
being offered by Princeton University. 
Fellowships are available. Additional 
information may be obtained from 
Louis | Rahm director Plastics 
Laboratory. 30 Charlton St.. Princeton 
N.J 


Consolidation of all electronic com 
puter and tabulating machine opera 
tion into a single unit, to be known as 
the Univac Division, has been announced 
ly Remington Rand Division of Sperry 
Rand Corp., New York. The new divi 
sion will integrate all research, manu 
facturing and sales and service fun 
tions of the Eckert-Mauchly Division, 
Philadelphia. the Engineering Research 


JANUARY 1% ELECTRICAL MANUFACTURING 





INDIANA 
PERMANENT MAGNET 


POST UCU 


HOW TO MAGNETIZE 
PERMANENT MAGNETS 


MAGNETIZER 
MAGNET POLE PIECES 
f 
4 


ASSEMBLY 


i 


A 


Magnetizing permanent magnets aft- 
er assembly into the product offers sev- 
eral advantages. Higher field strengths 
are obtainable. The magnetic field pro 
duced in a loudspeaker, for example, 
using an Alnico V permanent magnet 
that has been magnetized after assem 
bly, is about three times as great as the 
field obtained when the same magnet is 
magnetized before assembly 

The unmagnetized magnets are eas 
ier to handle and to assemble with 
other parts of the assembly. There 
is less contamination due to pick-up 
of magnetic particles 

Magnetizing after assembly ts also 
advantageous in such applications as 
watt hour meters, polarized relays, and 
permanent magnet motors 


Using the Magnetizer 


Most commonly used magnets are 
of simple bar or “U” shapes, which 
may be magnetized with an electro 
magnetic magnetizer in the user’s plant 

Fig. 1-A shows how a bar magnet 
should be positioned between the mag 
netizer’s pole pieces. The square ends 
of the pole pieces are used toward the 
gap. The space between the pole pieces 
is adjusted so the magnet can be easily 
inserted and removed. Normally, only 
one to two seconds are required to fully 
magnetize the magnet. 


THE INDIANA STEEL PRODUCTS 


Valparaiso, Indiana 


WORLD'S LARGEST MANUFACTURER OF PERMANENT MAGWNETS 


An assembly consisting of a bar-type 
magnet and _ soft-steel pole pieces 
should be placed with the magnet be 
tween the magnetizer pole pieces as 
shown in Fig. 1-B. Positioning the as 
sembly as shown in Fig. 1I-C will not 
fully saturate the magnet 

“U”" shaped magnets and assemblies 
should be positioned as shown in Fig 
2, with the tapered ends of the mag 
netizer pole pieces used toward the 
gap. A meter or separator assembly 
would be placed on the magnetizer as 
shown in Fig. 2-B 


MAGNET 


f MAGNETIZER 
POLE PIECES 


7 


‘ 


ASSEMBLY 


When a “U” shaped magnet is tall o1 
larger than the generally accepted set 
ting of the magnetizer, the field pro 
duced at point “X” (see Fig. 2-C) may 
not be sufficient to saturate the mag 
net. In this case there are two accept- 
able methods of magnetization. One is 
to place the magnet with its side on the 
pole pieces as shown in Fig. 2-D. This 
allows the yoke of the magnet to be 
come magnetized. The magnet is then 
raised to the position in Fig. 2-C and 
again magnetized 

Ihe other procedure is to stand the 
magnet on the magnetizer pole pieces 
with one or two steel blocks against 
each of its legs as shown in Fig. 2-1 
The magnet (or assembly) is then 
magnetized three times: first, with both 
pairs of blocks in place; second, with 


COMPAN ¥ 


published for industrial and consumer 


product engineers and designers 


blocks (a) removed; and third, with 
blocks (b) also removed 

For a complete discussion of how to 
magnetize permanent magnets by the 
electro-magnetic method, write for a 
opy of Applied Magnetics, Vol. 2, No. 3. 


Chesterfield? 


Cigarette manufacturers invest a great 
deal of time and money to bring you 
the best smoke possible 

Chesterfield is no exception and 
strangely enough, behind some of thei 
recent efforts is an Indiana Permanent 
Magnet. You've probably read dozens 
of ads which say, “Chesterfield 
the modern way with AccuRay 

AccuRay 1s a machine, made by In 
dustrial Nucleonics Corp., that checks 
ind controls the making of Chester 
fields. One of the basic parts of this 
machine is a contact meter-relay, man 
ifactured by Assembly Products, Ink 
And the heart of this relay 1s an Indi- 
ana Hyflux Alnico V magnet! 


made 


Report on Indox |! 
Ceramic Permanent Magnets 


This recently published four-page 
technical bulletin Indox | Ceramic 
Permanent Magnets suggests factors 
to be considered during design calcula 
tions, and discusses possibilities for 
new applications or improvements of 
existing ones 

Also discussed are some 30 repre 

ntative sizes and shapes available in 
sample quantities for immediate j 
ment. Ask for price list and Catalog 


15-B-1. 


eee | 
PERMANENT 
MAGNETS 





SNAP ACTION 


CENTRIFUGAL 


SWITCHES 


can be used for: 


Single phase motors. 
Compressor unloaders. 


Gasoline engine speed control. 


Limit and sequence control for 
over and under speeds. 


Centrifugal actuator for mechani- 
cal and electrical devices utilizing 
rotary motion. 


Accurately produced to your specifications, 
Syncro-Snap switches feature absolutely 
uniform operating characteristics : 
cut-ovt/cut-in speeds are held to any de- 
sled tolerance non-fluttering, instant 
switching action is completed within 3 
revolutions action is determined by 
speed aione independently of voltage or 
leed .. unit employs only one moving 

+... and Syncre-Snep switches with- 
stend mililens of operations in actual use 
Send your requirements or problems teday! 
Standard samples available on letterhead 
request 


Oe 


Centrifuge! Oust proof 
Switches Switches Switches 


Stationary 


ENGINEERED PRODUCTS, INC. 
12 INTERSTATE ST., BEDFORD, OHIO 


Associates Division, St. Paul, the Labora- 
tory for Advanced Research, Norwalk, 
Conn., and the Tabulating Division of 


Ke mington Rand 


Union Carbide and Carbon Corp., New 
York, has concluded an agreement with 
Phillips Petroleum Co. for a_ license 
under the Phillips patents involving 
low-pressure polyethylene. The agree 
ment gives Carbide rights to produce 
polyethylene of the general types pre 
sently identified by the Phillips trade 
mark Marlex Applications of this 
polyethylene include electrical insula 


Construction of a one-story building 
to house three of its wholly owned 
California subsidiary companies has 
been started by the International Resist- 
ance Co., Philadelphia. The new plant, 
which will be occupied by the Hycor 
Co., IRCal Industries, and Emec, Inc., 
will also house IRC’s West Coast ware 
hhotise The 26,000 sq ft facility will 
Angeles 


County, Calif. Completion of and actual 


be located in) Sylmar Lo 


production in the plant expected by 
Jan 15, 1956 


RDM, Inc., manufacturer of precision 
parts for instruments and electro-me 
chanical device expects to begin 
operation of its West Coast Division 
plant in Jan. 1956. Broadening the 
cope of the company’s present Phila 
delphia operation, the new plant will 
offer complete manufacturing and engi 
neering facilitic 

Dhermosetting plasti bobbins, coil 
form rod and other custom-fabricated 
insulating parts will be manufactured 
by a newly formed organization under 
the name of EMP Corp., with manufa 
turing facilities at S70B Van Sic len 
\ve ind general offees at 675 Barbey 


st in Brooklyn, N.Y 


\ tantalum-columbium — production 
expansion program has been authorized 
hy the directors of Fansteel Metallurgical 
Corp., North Chicago, Hl. Cost of the 


program ts estimated at one million 


dollars 


Postcard return card 

vided on the pute preceding 
over is i COnVeETIEICE to 
reader in obtaining further 


formation on 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 


Reader 
Inquiry 


Service 


See insert 


preceding back cover 


e A regular feature in each issue, 
the Reader Inquiry Service in- 
cludes postpaid return cards for 
qualified readers to use to obtain 
without charge, 


Additional! information from the 
manufacturer on any product 
or service described in New 
Components and Materials de- 
partment in the current issue 


Copies of manufacturers’ pub- 
lications reviewed in Literature 
for the Asking in each issue 


Single copies of reprints of 
selected feature articles cur- 
rently listed in Feature Article 
Reprints section 


Further data from the source 
on any product described in 
Advertisements in the issue 


Each item reviewed in the issue 
is assigned a key number which 
is repeated in the Reader Inquiry 
Service post cards. Circle the 
numbers on the return card for 
the items selected, fill in the card 
completely and mail. Reader in- 
formation must be legible and 
complete, and cards must be mail- 
ed within 60 days after publica- 
tion to secure this free service 

All reprint titles currently avail 
able without charge through the 
Reader Inquiry Service are listed 
in “Feature Article Reprints” de- 
partment on page 236 of this issue 

Because of the expense involved 
in producing these feature article 
reprints, longer articles and book- 
lets including multiple reprints on 
related subjects are offered at a 
modest charge intended to cover 
printing, handling and postage. All 
orders must be accompanied by 
remittance, including 3 per cent 
sales tax for New York City de- 
liveries 
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"TREE SURGERY” Auoont"SULANET 


can now be done by the 
IW og - 

a oe SERIES 

P wy See 


with 
a lightweight 
\ DIE CAST ALUMINUM 
3-WAY 
\ TREE TRIMMER 










































The ‘Do It Yourself’ market 
is steadily increasing the 
demand for easy-to- 
handle, rugged and eco- 
nomically priced tools for 
use in and around the 
home. Of great importance 
in the manufacture and marketing of such imple- 
ments is the use of aluminum and magnesium die 
castings. For example, this 3-Way Tree Trimmer, 
tough and mechanically strong, is diecast from light 
weight aluminum by LITEMETAL and has consider- 
able cost saving and selling advantages. Die casting 


this product in aluminum reduces production costs Mitt. 
by minimizing machining and finishing operations = ' , 

, creating @ more competitive selling position. These Ulanet units are the only adjust- 
Other important selling factors are its light weight able metal thermostats of the cartridge type 
which diminishes fatigue involved in sawing, cut- that will withstand mechanical clamping or 
ting-up or cutting-down and the savings effected in pinching of the cartridge without effecting 


freight rates. Light, fast and versatile, the 3-Way 


; the set calibration. For the first time a highly 
Tree Trimmer is sold by Glendale Industries, Inc. of : 













Toledo, Ohio. sensitive, mechanically rugged, totally en- 

closed, thoroughly proven thermostat is 

: Let’s Talk it Over... available to industry at relatively low cost. 
LITEMETAL DICAST, INC. is an organization of specialists — Desc riptive illustrated bulletins can be 

men thoroughly experienced in the casting and machining of had by writing the engineering department. 

magnesium and aluminum alloys. Our equipment includes big It’s a safe bet to rely on Ulanet for Cart ridge 


machines for big jobs — little machines for little jobs... the Thermostats as well as the world’s most 
« « 
right sizes and types of the most modern die casting equip- 


suatt: Aor gredudden gave teem: the- dee. at 0 button $0 teres varied line of industrial Thermostats and 
cable spools. Complete facilities for secondary operations are Thermal Timers. 


also available. é Write for illustrated Data Sheets 


=p Write today for literature and design information. 


LITEMETAL DICAST Inc. GEORGE ULANET CO. 


A DIVISION OF MAYES INDUSTRIES Since 1931 Thermostats and Thermal Timers 
1935 WILDWOOD AVE «+ JACKSON, MICHIGAN 420 MARKET STREET + NEWARK 5, N. J. 


PLANT AND EXECUTIVE OFFICES 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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ANYWHERE? 


“To Expaud Your 
AC Product Sates! 


STANDARD and HEAVY Duty &f 


INVERTERS, 


a 

.” 
1: 
v' 


\ NEW montis “A” Battery Eliminators 
\ MEW onsiONs DC-AC Inverters, Avte 
\/ MEW LITERATURE Radice Vibrators 


See youn jobber on write factory 


AMERICAN TELEVISION & Ravio Co. 
Zuality Products Since 1931 


SAINT PAUL 1, MINNESOTA—U. 5. A 


Abstract and Comment 


Standards Engineers Society Reviews 
Progress at National Convention 


S.A 


‘DARDS FOR FLECTINCAL and. elec \ guiding principle is that NEMA 
Ironic Components and equipment were standards are adopted in the public 
discussed, along with other phases of interest and are designed to eliminate 
tandardization the National Con iisunderstanding between the manu 
ention of the Standard engineers facturer ind—sothe purchaser These 
Society held in’ Hartford, Conn. in tandards are to assist the purchaser in 
October \ wi range of standards electing and obtaining without delay 
lor ele one component i beimg «be thie proper product for his particular 
eloped to provide pertormane require need 
ment test wl dimen is for parts Standard lor the installation of 
ed in enter nment 4 iver radio — electrical equipment necessarily have an 
ind television isin ! entertain important bearing on the equipment 
ment receiver compo ound equip itself, he pointed out. in describing the 
ment. tube tester nucleonie instru National Electrical Code. The Code. a 
mentation, and military equipment. This collection of rule governing prin 
ork is done by 130 committees orgas cipally the installation and use of 
zed by the Radio-klectront lelevision electrical equipment, intended to re 
Manufactures \eso itior Virgil Vl duce the hazard of fires and personal 
(,raham, Associate Director of RETMA injury from use of electricity. It is one 
hngineeri Department explained of the oldest standards in the electrical 
Standardization of electron tubes and field. Electrical manufacturers parties 
empeconductor de ot i carried out pate in the ce velopment of the Code 
by the Joint Electron Tube Engineering ind in promoting its use as a means ol 
Council (JETE This Couneil § i realizing a tree and open market tor 
creature of RETMA and the National electrical products that comply with 
| lectrical \l inulacturer Association nationally recogn zed standards ol re 


inicd thee tandards «de velope 1 are pron onable ilet 


do for approval b both organiza Cyril Ainsworth, technical director 
Perminolos mbols, methods of ind assistant secretary of the American 
ind definitier ire handled for the Standard \ssoclation pointed out that 
t part by committees of the Institute tandards are fundamentally voluntar 
Radio Engineer in nature, It is the purpose behind the 
ominittee ol thie ise of a standard that creates the man 
\ssoctatie ire datory concept and not the standard 
for ele itself, he iid. The combination of 
or elec voluntar ind mandatory aspects in the 
hinnie development and use of standards ha 
hlectro ria the LSA the foremost nation in 
mhing on the world in 
eles tribution of 
vonents Deplor 
inwle levee tandard 
inference label everything th 
conform as either ibstandard 
must o tandard Richard SS. Burke 
equip Roebuck and Co pomted to the 
indard i“ V ol choosing the qualitue to te 
freezing of ice ¢« 
umiplion are ine 
retrigerator 
ch affects the 
retrigeratofr 
tte thireu ou here tole quatil o cor dered and. the 


the Standard int frequently 


inager tor i wer win v latter onee and often 
md = Satety ‘ ilatior ’ change with technical developments 


National Electrical nutactur . The industrial co 


nsumer who may by 


lation ilert to the benefits of standardization 





Inspector 





-—% —‘THIS MAN CAN HELP YOU 
Eliminate cost of incoming magnet wire inspection! 


aT it} pector ict is custome) MIlore tl ee tonne ik to the Man from Anaconda 
vent in the Anaconda magnet Anaconda qualit control pa ol outa trial run of Anaconda 

wire mill in smoother winding room pel O prove it to yourself. Call « 
Result: Anaconda Magnet Wire formance und hie Ip them pro ite Anaconda Wire & Cable 

complic with uch exactne to uice i consistent] high qualit Coon pect » Broadwa Ne 
pecification that many custome) product t lowest cost York 4, New Yo 


have felt it po ible to eliminate 


meommg inspection at con ider ANACON DA 
ASK THE MAN FROM 


| ror MAGNET WIRE 


ible avineg In money, time and 


It tnpowe I 


MECHANICAL ENGINEERS 
..-Looking for the Right Change? 


Many men are—and the right job is often 
mighty hard to find. 


But we've got some interesting openings now at 


that might represent the 
right change for you. 


% Duties of the jobs: Solve electro-mechanical 
design and layout problems at the developmental level. 
Work from rough sketches or general instructions to fully 
utilize your ingenuity and creative abilities. 


%& Scope of the Work: To bring into design form 
the requirements of a new or modified instrument, device, 
or control system related to TV and radio receivers as well 
as government communications equipment. Plus co-ordinate 
all mechanical aspects of the project 


% Atmosphere: A company that understands engi- 
neering—with a well planned long range program of design 


and development. Plus a complete program of employee 
benefits 


*% Your potential: Continued company growth offers 
many excellent opportunities for advancement 


%& Requirements: Graduate mechanical engineers or 
men of equivalent backgrounds having industrial experience. 


For details write Mr. W. A. Wecker, 
Personnel Division. We will be happy 
to send you more information on career 
opportunities and other advantages. 


is unable in some cases to purchase 
sheet metal in standardized thicknesses, 
declared F. M. Oberlander of Radio 
Corporation of America. It was ex- 
plained by I. V. Williams of Bell Tele- 
phone Laboratories that during the 
transitional period material of the old 
gage thicknesses must be used up and 
purchasers of warehouse stocks have 
been frequently unable to obtain metal 
in sizes listed as preferred thicknesses. 
These difheulties have been reduced 
in two ways. First, additional sizes have 
been added to the preferred list. Sec- 
ond, agreement has been reached be- 
tween industrial purchasers and ware- 
housemen that sheet steel to the neat 
est manufacturers gage will be accept- 
able and that new warehouse orders 
will be for preferred sizes. Procurement 
in small quantities remains a problem, 
however parthe ularly in areas where 
industry is diversified. Charles M 
Parker of the American Iron and Steel 
Institute said that steel producers prefer 
thicknesses expressed in decimals rather 
than gage numbers. He said also that 
any concerted movement to increase 
popularity of the preferred thickness 
standard must of necessity come from 
the consumer 

Senator Kalph KE. Flanders of Ver- 
mont Was one ot live men honored by 
the Standards Engineers Society at the 
convention. He was awarded an honor 
ary fellowship “in recognition of his 
outstanding contributions in govern- 
ment and industry.” These included 
development of standard screw threads, 
making possible greater interchange- 
ability, and encouragement of unified 
screw threads by the United States, the 
United Kingdom and Canada. Others 
honored were Roger E. Gay, director of 
cataloging, standardization, and inspe« 
tion, office of the Assistant Secretary of 
Defense (Supply and Logistics) ; W. R. 
G. Baker, vice president and general 
manager, Electronics Division, General 
Electric Co.; Harold R. Terhune, man 
ager of Standards Department, Federal 
Telecommunications Laboratories; and 
Stanley Zwerling, assistant chief, Tests 
and Approvals Division, Armed Services 


Electro-Standards Agency 


A Challenge to The 
Appliance Designer 


E. B. STEINBERG 


Cue Rercecrone Corpe., Stamford, Conn. 


THE RECENT FLOOD in the lower Con- 
necticut area pointed out several obvious 
deficiencies in the electrically energized 
home appliance field. The writer’s base- 
ment was completely submerged by 
fresh water for about 8 hr and partially 
submerged for another 16 hr. It was 
necessary therefore to rehabilitate all 
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Which Cable For Your Job ? 


TA and TC 
PRESET * SNAP ACTION © NON-ADJUSTABLE 


THERMOSTATS 


Provide Temperature Control of 
Unusually Heavy Loads up to 350° F 


Both Types TA and TC thermostats can be supplied with nor- 
mally closed or normally open contacts. The TA is best for 
controlling temperatures in air streams or in convection heating 
systems and the TC should be used where surface mounting is 
required for conduction heating applications. These thermostats 
are single pole. single throw and can be supplied with exposed 
or enclosed bimetal discs. Enclosed bimetal discs are recom- 
mended on applications where moiswre, dust or lint conditions 
are severe. 


TYPE TA WITH TYPE TA WITH 
SCREW TERMINALS OFFSET BLADE TERMINALS 


Depend on PHA LO lor the Answer / 


This man is surrounded with perfectly pood 
cables maybe one of them will fit his special 


requirements. However, the chances are that he'll 


TYPE TA WITH need a custom-made cable, one designed exactly 
TYPE TC WITH INCLINED : 


SCREW TERMINALS BLADE TERMINALS for his task 


Here at Phalo we specialize in removing the 
fences that separate average cable performance 
from superior cable performance. Send us the 

pecs” that have been adding gray hairs to your 
head. We'll turn the stumbling block into a step 


ping stone to product or service success! 


THERM-O-DISC, INCORPORATED “ MEME PLASTICS CORPORATION 
127 CROUSE STREET, MANSFIELD, OHIO & 


Remember the Risk — Use Therm-O-Disc : (2 be e WORCESTER, MASS. 


inevleted Wires, Cotles ~ Cord tet Asserntelies 


COMMERCIAL & FOSTER STREETS 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 281 





precision, deep drawn 


KOVAR 
PARTS @ 


—from 1/4” dia. and 3/4” 
deep, .025” thickness 


Consult the oe Company for 
quality parts or sub-assemblies of steel, 
aluminum, copper, brass, kovar, nickel 
and monel. Fast, economical service on 
long or short runs. The most modern 
machines and micro-precision tools 


issure highest accuracy 


> , 
> aD ede ue ae TT at Te 


dell Sei) LS rae et ee 


a tT 
LTT Tit t) 


THE engineering CO., 27 WRIGHT ST., NEWARK 5,N. J. 


Vow off press... A new Design Annual 


ELECTRICAL INSULATION 
AND DIELECTRICS—1955 


ERE’s an up-to-the-minute design compendium to help you keep 
| pace with current technology in the swift moving field of 
electrical insulation and dielectric materials 

The editors of ELeerrican MANuracturine have assembled into 
one handy-to-use 136-page book, a selected group of articles dealing 
with the application of insulation and dielectrics in the design and 
development of electrically operated products. Many of the articles 
include exhaustive, critical appraisal of property characteristics and 
ipplication possibility 


Feature article content (with dates of original publication) in- 
cludes: Research Progress in Dielectrics (December 1954); The Epoxy- 
Resin System for Embedded Circuits and Components (April 1955); 
Arcing Performance of Plastics Insulation (April 1954); Dielectric 
Strength of Solid Insulation (May 1954); Impact of High-Energy 
Radiation on Dielectrics (June 1955); Deteriorating Influences on 
Dielectric Materials (July 1954); Ferroelectric Dielectrics (July 1954); 
Applications for Gas and Liquid Insulation (June 1954); Glass-Premix 
Compounds for Molded Parts (March 1955); Filled Fluorocarbons 
New Component Materials (February 1955); Evaluating Dielectric 
Properties of Plastics Laminates (October 1954); Plastics Laminates 
Standards (November 1954); Effects of Water Immersion and Humidity 
on Thermosetting Laminates (July 1955); Temperature Classification 
of Insulating Materials (September 1954); European Developments in 
the Dielectrics Field fugust 1955 


An annotated bibliography lists earlier articles containing design 
data applicable to current problems 


e The 136-page Design Annual includes each article in complete form wit! 
all original illustration talole ind text. Single copy price is $3.00 on orders 
accompant d by remittance. Orders should be addressed to Se ampbell, 
Director Reader Servi page Publishing ¢ ympany 1250 Sixth Ave., 
New York 20 
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electrical appliances and electrical 
parts of the oil burner. 

First of all. no damage of any kind 
was incurred by the mechanical portions 
of the above named equipment. Quite 
remarkable in this respect was the 
sealed transmission housing of the auto 
matic washing machine which suffered 
no damage in spite of the = small 
breather hole through which water could 
have entered 

L nfortunatel the electrical equip 
ment did not fare as well. Hf it is 
accepted practice to seal transmission 
housings why not provide submersion- 
proof drive motors along with them? 
Even the availability of such motors 
would create an impetus to consider 
the purchase of a submersion proof 
washing machine. The same of course 
applies to the timing motor. It may be 
interesting to note that water did not 
enter the timing motor either at the 
shaft or at the terminals (nylon press 
fitted bushings) but at the joint of the 
housing with the dished back plate. The 
cost of soldering the back plate to the 
housing would have been incidental and 
negligible. Incidentally, the water did 
not affect the escape mechanism or con 
tact arrangement 

The troubles involved in) removing 
the drive motor from the washing ma 
chine defy de scription Screws tor 
instance are disposed in corners almost 
out of reach. To remove the motor and 
motor leads it was necessary not only to 
remove the back panel but also to lay 
the machine down on its front panel. 
Without taking certain precautions the 
timer and a separate rinse switch 
mechanisms, protruding from the front 
panel. could have been damaged quite 
readily 

Concerning the oil burner installa 
tion it is difheult to understand why 
hermetically sealed transformers are 
not available. The cost differential be 
tween potting and hermetically sealing a 
transformer is certainly minimal. The 
remarks concerning sealed motors made 
before apply equally well to the oil 
burner motor 

The temperature witch of the oil 
burner, a hermetically sealed mercury 
switch, withstood submersion, but the 
stack switch was of open constructior 
and required replacement. Again the 
mnconsistencey hould noted 

Flooding is going to increase as rural 
areas are being built up and as surface 
water which formerly seeped slow! 
into the ground runs off quickly over 
paved streets and driveways. This trend 
is quite evident by the increase of 
ump pump installations throughout the 
country. On the assumption that flood- 
ing will occur again and with greater 
incidence appliance manufacturers 
might do well not to overlook the mar- 
ket possibilities of submersion-proof 


equipment for the home owner. 





Froblem: to stop a load faster than you can say “STOP " 


sl! 


Solution: the’ STAR-KIMBLE SERIES “E” BRAKE 


eet Nes 


Split-second braking...every time... 
millions of times...with fewer 


adjustments...less maintenance 


When production operations call for fast stops, you can 
rely on Star-Kimble’s new Series E Electric Brake. It’s a 
better brake in every way—better because these exclusive new 
features make it inherently stronger, simpler, more depend 
able than conventional magnetic disk brakes 


® Studs supported at both ends for better shock load protection 
® Low-loss magnet cuts power losses up to 80% 


® Six coil construction makes unit easily adaptable to all volt 
age supplies 


© Low rate springs permit efficient operation at large air gaps 


® Expendable friction disks deliver millions of smooth, posi 
tive stops, can be replaced in minutes when finally worn out 


® Compact more braking power in less space 


Fits ‘‘C’’ Face brackets from 182 to 445 frames 

The new Star-Kimble Series E Brake fits any “C” face 
mounting, and shaft can be extended through cover for double- 
end operation, Brake is available in many torque ratings, 
either separately or as a completely integrated Star-Kimble 
Brakemotor. Write for Technical Bulletin C-11 


for nearly half a century 


electric motive power for 
affed to help original 
solve any 


Star-Kimble, 
specialists 1n 
industry, 18 fully st oe 
equipment manufacture 7 # 
jesign or production pre ple ete 
Sti r-Kimble designs and D . 
oe generators, and complete 
including controls 


ms in this 
fie 
special motors, 
power packages, 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


*Patent applied for 


In these exacting applications... 

and many others, the Series E Brake or S-K Brake- 
motors insure dependable operation, minimum 
downtime for maintenance 
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Conveyor 


a! tinea) 
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Can closing machines 


STAR-KIMBLE 


MOTOR DIVISION 





Another new development using 


B. F. Goodric 


ee ae 
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TRS rr nere 


re 


ee 


meee 
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h Chemical 


raw materials 


These ducts are made by Taylor Flectric, 


Inc., Detroit 23, Mich. The B. P. Goodrich Chemical 
Company supplies only the Geon polyvinyl materials. 


‘NEW DUCT MADE FROM GEON 


gives Safer, faster, better-looking harness installations 


ea IRICAL harness wires are 


4 installed three times faster with 
this new duct made of Geon rigid 
vinyl resin. You lay the wires in 
the duct, slip in retaining clips, run 
wires out any of the pune hed holes 


to thei CONONCCTIONS, snap on the 


cover, and you're in business 


Geon rigid vinyl is ideally suited 
for this job because it protects the 
wires from fire, Chemical action 
and abrasion. The new duct is a 


Stl quick way (oO wire a control 


panel and makes re-wiring a matter 
of minutes by eliminating unlacing 
and re-lacing bundled wires. 
Rigid sheeung made from Geon 
can be formed into many shapes. 
It has high impact strength, high 
dielectric qualities, cuts easily — 
reasons why Geon is taking over 
with new applications every day. 
Perhaps the versatile qualities of 
Geon can help you solve some pro- 
duction or cost problem bor tech- 


nical information about Geon and 


its applications, write Department 
DK-1, B. F. Goodrich Chemical 
Company, Rose Building, Cleveland 
15, Ohio. Cable address: Good- 


chemco. In Canada: Kitchener, Ont. 


( 


GEON RESINS « GOOD-RITE PLASTICIZERS . . . the ideal team to make products easier, better and more saleable. 


GEON polyvinyl materials « HYCAR American rubber and latex « GOOD-RITE chemicals and plasticizers e HARMON colors 
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Wind machines for protecting crops, and sirens for fire ating of rust on the magnet. To make sure the coil would 
signals and air-raid warnings, manufactured by Robert hold up under any line surge voltage, they connected a 
J. Zievers, Inc., of LaVerne, California. must operate out 110 yl through a 440/110 V, 500 VA transformer, 
joors under all kinds of adverse weather and atmos blo i irmature wide open and turned on power 
pheric conditions. When ordinary motor starters failed Hesult he transformer burned out, but the coil still 
Zievers engineers decided to test the Clark Type ‘CY 
They devised a series of the most severe tests conceiv 
able: repeatedly making and breaking full inrush starting Ric a Shiai 
current, spraying with hose 15 to 20 times per day for 

weeks while operating, smearing magnet with 


acid, etc. It continued to function perfectly 


he C.BRK ( CONTROLLER Comparig 


Engineered Electrical Control 1146 East 152nd Street > . Cleveland 10, Ohio 


IN CANADA CANADIAN CONTROLLERS LIMITED «¢ MAIN OFFICES >t TORONTO 
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A GLASS REINFORCED 
ALKYD BASE POLYESTER 
INSULATING MATERIAL 
DESIGNED TO MEET THE 
RIGID STANDARDS OF THE 
ELECTRICAL INDUSTRY. 


nyt 


FEATURES 


* Combines good qualities of phenolic, 
melamine, and silicone laminates 


*& Many grades and sheet thicknesses 


*® Outstanding in impact strength, 


flexural strength, moisture resistance, 


compressive strength, rigidity, heat re 
sistance, ar 


resistance, dimensional 


stability, and ease of fabrication. 


sawed, 


*% Can be drilled, 
turned, cold-punched without cracking. 


sheared, 


hryeont! 
AN CT} "| A PRODUCT OF THE 
<a 2 (Ci«éRENFORRCED PLASTICS Div. 


HAYS MANUFACTURING COMPANY 


WEST 12th STREET ERIE, PA. 


Metal Statistics 


At the year’s end, little hope is foreseen 
for lower metal prices as firmer markets, 
scarcity of supply and persistent demand 
from civilian and military sources seemed 
to foreshadow a 1956 first quarter in which 
high prices would prevail. 


COPPER The opper m 


past month and at the 


irket continued to boil during the 


howed remarkable strengt! 


year’s end 


who had ‘ «pected lower price were doomed 


disappointment In fact seemed to be the 


Middle Kast tensions, 


“cold war 


(quite the reverse 
case as a result of a spurt in demand 
t Chilean strike 

prices in London 


In December. the 


re sumption ot the and hooming 


London Metal 


equivalent to 50k a lb, a new 


price ol 
£400 
Outside market prices were he ard at Sle i lb 


copper on the 
Exchange hit over 
record price 
and custom smelters, whose 


price le vels had been dipping 


just a month prior, went back to 49c. and 50c. This repre 
sented a rise of 4c. to 5c. a lb from mid-November 
however, were still maintaining their levels at 43: 
One of the 


Primary 
produc ers 


factors tending to make the price go up was 


the crap situation Custom smelters were 


2c. a lb for No 


upward price 


fore ed to pay 


copper scrap (a basic grade). The 
pressure on scrap caused some consumers to 


petition Washington to reduce 


export quotas for the first 
quarter of 1956 

Resumption of the so-called “cold war with the break 
down of the Geneva spirit and the outbreak of conflict in 
the Middle East also brought pressure to bear on the sensi 
tive copper market 

On the other hand, consumers were hopeful that the situa 
tion might not continue as strong after the start of the new 
vear. The Office of Defense 


pone ment of ill copper 


Mobilization authorized post 
deliveries due the Government in 
the first quarter of 1956, thus deferring shipments of about 
14,000 tons. Primary producers were expected to catch up on 


supply early in 1956 


LEAD-ZINC. Those consumers who use lead and zine had 
litthe to cheer about as 195 Demand for 
lead was extremely sharp and sellers were not too anxious 
to dispose of their supplies at the 15.50ce. New York price 
Perhaps there was belief that the 


> drew to a close 


price might go to 16.00 
An even worse situation for consumers existed in Zine 
The price 


was expected to go up any 
the high level of the 


week as a result of 
London Metal Exchange and insistent 
domestic demand. December business was large and January 
business was expected to be even larger 
ee 

ALUMINUM—Aluminum continues to put itself in a favor 
ible competitive position and it is one of the few metals 
whose outlook is cheering to civilian consumers. Production 
$ billion pounds for the first 
And production is expected to keep growing 


* 


in 1955 is expected to top 


time in history 


SILVER—The price of silver strengthened at the year’s end, 


rising to 90.75c. an oz from 90.16c. earlier in the month. But 


consumers were paying less for silver than in November 


when the price was over 91 


NICKEL—E lex troplate rs were 
“oray market” 


charging that an 
exists in nickel and that 


extensive 


prices were ex 
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sound from silence.... 


The J. P. Seeburg Corp. has 
worked hand in hand with The 
United States Graphite Company in 
developing self lubricating 
bearings and parts which meet the 
exacting requirements of the 

most successful high fidelity coin 


operated phonograph made today. 


GRAMIX “ 


products from powder metallurgy 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION + SAGINAW, MICHIGAN 


cf} RD RECH G BACK CO 2K7 
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orbitant for this scarce metal. However, a Commerce Depart- 
ment pokesman said electroplaters have asked for 62,000, 
000 Ib in 1956 indicated that charge were exaggerated 
The natior industrie he declared, were demanding 300,- 


000.000 Ib oa ie ) s against 216,000,000 lb con 


nickel remained at 64.50« i lb but 


market price V » considerably higher 


ne str mn , oO ' ury il 8400 

W ) rn third quarter. Consumption 

wi { { t comparable period in 1951 The 
id v ; 285 fi onsumers expected an easier 
ric | of ‘ d Mexican ind Spanish 
pl nt 0 ! hipment were not yet visible 
PLATINUM—Consumers paid around $3 more per oz for 


: platinum last month due to the searcity of supplies. In 
f OR | M M f DIA | t $ H | pP \ f NT dustrial demand held tear , rie was $97 to $115 
ALLOY ANI TA LES! TEELS 


strip 
SELENIUM—A Mines Bureau report showed that o itput and 
elenium have been steady fo the past x months 


was maintained at $9 to $10 a Ib 


TUNCSTEN Production ot tungsten metal ind concentrates 


} 


howed i light decline I the third quarter but imports 
increased 5] per cent while con umption regi tered a small 


decline. Pricewise there was no change at $4.50 per lb 


TIN lin price soared thi past month reac hing 110 a 
lb a igainst 98.875c. in mid-November. Higher London 
price induced by the Middle East crisis with its threatened 


« Bost « P 4 ' Cleveland 

Chicago . 
nterterence with tin hipment through the Suez Canal 
Seattle 


were basic factors in pushing the price up more than 12 


i lb. It was also felt that some Kuropean factors may have 


buyvil metal at higher price level Domestic consumption 


il October wa practs ally unchanged il 7825 tor as 
igainst 7960 in the previous month 
+ 4 


MAGNESIUM Magnesiun output ( got in October was 


For Hot Plate Switches ap 6 per cent at 6286 tons, as against 5923 tons in September 


There Wil no ial in price I ! mesium at ri 


and Similar Applications lb and ingot 3 i tb 


TITANIUM | price ol 
duced ( » trom $3. 
follow ! I reductior 
continue lo 
ind steel mills 1 wide expansio 


veal All th ea well of the 
teel i baron 


—At Special Low Prices! 


Smartly styled, quality made knobs, at low cost. Avail- 
able with the standard ‘'S’’ type shaft hole (.251 dia 


ntinued 
flatted to .203"). Others can be supplied at nominal 


ims and 
tooling charges. Samples and prices turnished on request 


ROGAN BROTHERS vs prot many ried price of “extras” But bigger 


8027 N. Monticello Ave., Skokie, Illinois mn reasor $ sai higher | for scrap 


de rwent 


Oe Ole iia tex “sep VERCINE 
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atid ley 
make as 


ELLEN 
even more 
dependable 


, rt ie 
Quy 7 
How would you build a fine watch? 
Just the way you now build your finest products 


selecting the best materials, the finest machinery 


and the best and most experienced workers you could find. That's 
the way McGill builds switches. That's why McGill? ¢= 
switches make your products even more dependabl lo help you a 
probe the potential of McGill® switches for use in lighting 
machinery, appliances, fans, panel board control and special application 
writt today for your CcOPs of the fact packed, 4-color illustrated cat log 
above. It in ludes toggle, mom ntary contact, special circuit control 


and canopy switches in a wide range of amperage ratings 


Juste ask for the Switch ¢ atalog 


M<¢ (; | | are always a little hetter 


and ALL are Underwriters’ 
ELECTRICAL 
SPECIALTIES 


Lahoratories in spe cled 


McGILL MANUFACTURING COMPANY, INC. 150 N. Campbell St., Valparaiso, Indiana 


kK 





when 
HELPS YOU SELL 
IT WILL PAY 


You TO USE 


When you fabricate from Colorweld Coil you 
eliminate the difficulty and expense of finishing 
individual parts in your paint department. Color- 
weld’s baked on enamel finish permits bending, 
forming, slitting, stamping and most drawing 
operations without scratching or peeling 


you can order Colorweld Coil 
in widths ranging from “2” to 
36”, in thicknesses from .016” 
to O51". With this new, wider 
coil hundreds of new electrical 
item can be made more eco 
nomically in beautiful, lasting 
olors. According to your speci 
fications, it can be coated with a 
variety of colors, enameled on 
on ide or two 


Colorweld aluminum coil can 
add sales appeal to your prod 
ucts while substantially reducing 
your production cost, We will be 
glad to work with you in refer 
ence to width, guage and color 
Write us today, without obliga 
tion, for full detail 


SOUTHERN STATES IRON ROOFING COMPANY 
Toi Pim ie sat eee OL me ii) ir 


EVER NEED AN 
INSULATOR LIKE THIS ? 


If you are designing an electrical product re- 
quiring special porcelain insulators, you should 
take your problem to Universal. We specialize 
in producing electrical porcelain insulators to 
the exact design requirements to give maximum 
safety to the completed product. We have 
facilities for producing porcelain components 
by dry-process, wet-process and of zircon 
formulations 


Send us your specifications 


me UNIVERSAL 


1540 EAST FIRST STREET 


CLAY PRODUCTS CO. 


SANDUSKY, OHIO 


WHEN IN NEED OF MATERIALS, PARTS 
OR EQUIPMENT... MAKE USE OF THE 


42,293 ADVERTISEMENTS 


PLACED BY 


11,322 ADVERTISERS iw 


REA 


Your Where-to-Buy Encyclopedia 


—_ 


SMINOIS ODT7 





Thomas Publishing Company 
461 Eighth Avenue, New York 1! 





HOLTZER-CABOT 


‘T his completely new motor — designed by Holtzer 


abot and styled by Raymond Loewy Associates 


rounds out the Holtzer-Cabot line of subfrac 


tional motors for instrument, recording units, 


ofhce appliance and othe appli ations. It pro 
vides an intermediate size between the Holtzer 
abot 214" 


The 


single 


»” 


‘ 
and 3°," frame motors. 


frame are 
Ta al 


efhiciencies of 


a 
single phase motors in this 3 


the value Capac itor type, the 


The 
30°7. As a re 


there 1s lower temperature rise and less heat to 


for single - phase operation. 


the various ratings run over sult. 


be dissipate d, 


a stainless steel 


The 


The sync hronous motors have 


shaft and new rotor construction class 1s 


basically of the reluctance type but the 


rotor 1s 
completely cylindrical with no irregularities or 
slot Openings Phis construction promotes more 


uniform torque and quieter Operation, 

The stator has slotted construction with dis 
tributed 
the 


is used in 
bathers 
Standard 


construction provides face mounting by means 


windings Mylar insulation 


slots End caps are die-cast aluminum 


ball or sleeve bearings are available 


of frame screws. Housings are furnished in 
opalescent blue (other colors on request) 
Holtzer-Cabot will adapt the winding type, 
characteristics and mechanical details of this motor 
fo ensure optimum performance for specifre 


applicatu nS, 


HOLTZEK-¢ 
NATIONAI 


ABOT MOTOR DIVISION 
PNEUMATIC ©CQO., IN¢ 


Street, Boston 19, Mas 
Please 


s**-chiametes 


Frame Synchronou Induction 


1800 RPM 3600 RPM 1700 RPM $400 RPM 125 Amor 


007 1/200 1/150 1/100 60 GENTLEMEN 
sO12 1/150 1/100 ? 1/50 on the ne 
S018 1 100 1/60 CABO 


, | 
Case lave 


t 
heets 


IZEK 


end me data 


Hol 


frame 


repre critati 


Mail coupon lk day for a mplete 


information 
NATIONAL PNEUMATIC CO. hy, HOLTZER CABOT visions 


Name 


Title 


125 Amory St., Boston 19, Mass 


Comp y 
Designers and manufacturers of mpan 


Sales Service Representatives 
in Principal Cities throughout the World 


mechanical, pneumatic, hydraulic, electric Street 


and electronic equipment and systems ( 





Guide to Buying 


MATERIALS @ METALS @ ELECTRICAL G MECHANICAL PARTS e@ EQUIPMENT e@ FINISHES 


Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 


and equipment 
ments 


just preceding back cover. 


a monthly service to readers and advertisers 
Publisher will supply any additional information which is available 


——————— 


ACTUATORS, BALL-SCHEW 


@eaginew Biecring Geer Div 


Crenarel 
Miutors Corp aginaw, Mict 


ADHESIVES 


Aluminum Co. @ America, Al 
Pittsburgh 1%. Pa 
Arn to | Lan 
ester, i's 
Bakelite Oo 
Uarbon 
York 17 
Biges Co, C. HL, 225 
4m Angeles 25, Calif 
ure Viasticn Di 
‘ Oo. 
Tonawanda, N.Y 
dohne- Manville Corp 
7800 Woodlawn Ave, Chicago 19, Dl 
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Div. of Ur 
100 Madisor 
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Hooker Electro 
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ALUMINUM Castings 


Alugainum Co @ America 
Pitteburgh 19. Pe 

Revere Copper & Hrass, In 
Ave New York 17, N. Y¥ 


Bee also 


Alcoa Bidg 


20 Perk 


AMMETERS. Hee Instruments 


AMPLIFIERS, ELECTRONIC 


Aecrovos Corp New Bedford, Mass 

Hogue Hlectri Manufacturing Co 60 
owa Ave, Paterson 8, N. J 

Bristol Co. Waterbury 20, Conn 

Dosicam, Div. of Minneapolis Honeywell 
Soldiers Field Kd., Boston 35, Mase 

Federal Telephone and Redlo Co Div 
of International Telephone and Tele 
graph Corp 100 Kingsland Kad cur 
ton, N J 

Freed Transformer Co. Ine 
field. Hrowtiyn 27, N. Y 

General Electric Co, Apparatus Bales Div 
1 Hiver Kd. Meheneetady 5. N 

Kearfuat Co. In 1578 Main 
tor N. J 

Keystone Producta Co 
Oly, VN J 

laech Helay Div leech Corp 
Avaiom Blvd. Ive Angeles 8. Calif 

I me. I On We A 

Calif 

Magnet! Amplifiers ne 632 
Ave New York Y 
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ra 
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Banhborn | 
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Industrial Div 9" 
achusettse Ave Cambridge 39 
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It 
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New lHiyde Park 
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Bouthwestern industrial Flectronies (o 

7851 Poe Oak Ra PO. BKoe 18058 

Howstor Teas 
United Transformer Co 

York 1%. N. ¥ 
Weeting! Electr! Cor 

Center Wide N 8 40 

Pittehureh 22 Pe 


150 Varick, New 
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Liberty Ave 


ANODES 

Amorlear 

Chase 
‘ 

du , le Nemours & Co Inc.), B. I 
Mieetro Chemicals Dept wi ngtan ¥* 
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PLATING 


Brass ( 
Hirase & ( 


Waterbury 
wper Oo 


Conn 
Waterbury 20 


Miate Div 

I 

Silver, Gold 
Hendy & Herman 

ma NOY Bilver 
Hussey & Co, ¢ r 
Leach & 


General 


New York 


ttisburgh 19, Pa 
Garner Co justrial Div, Attle 
Mare 

eace Co.. D. F 
Wire (x Attleboro 


lity f Tnto 


; Plate 
Messe 


Hevere Copper & Hrass Im 
Ave New York | N.Y 


Manufacturing Lo 


230 Park 


Seymour Reymour 


ASBESTOS SLEEVING 


Tape, Ashestos 


Bee Bieeving and 


BALANCING 
! Mact 


MACHINES. See 


Vibration 


BALLS, BEARING 


Abbett Ba Co, 40 
ford 10 


Hartf 


Hailroad Place, Hart 
Conr 
Bteel Ball Co Ine Hart 


Hicower Ba 4 
Mict 


Industries Ir 


Hearing Co Ann Arbor 


Philadelphia 82 


BATTERIES, ORY 
Ma ry r r. @ 
ta Corp. of 


N J 


Indianapolls 6 
America, Tube Dtv., 


Ind 
Har 


BATTERY ELIMINATORS. See Power 


He flere 


BEAD CHAINS 
Bead Chain Mfg. Co, 13 


Hridgeport Cont 


Mountain Grove 


BEARINGS, BABBITT 


Hiyerson & Son. Inc., Joseph T., Chicago 


BEARINGS 
Mintature 


BALL (Mintature) 


Precision Bearinyre 
Park, Keene, N_ If 
eparture Jiiv of Geceral Motors 
Bristol, Conn 
Clasket Co Camden 1 


Ine 2 


Pre lor 


wf 


BEARINGS BALL and ROLLER 
Radial and Tirust) 
Washer & Stamping Ce., 
"e Cleveland 5, OF 
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ro 
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parture It f 

Bristol Conn 
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BEARINGS and BUSHINGS. 
LUBRICANT-HETAINING 

ex Div ~ Chrysler 
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Corp 


reok Ot Hearing Co 


p., 1059 Ne 
_- 
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(Olllers 
In onan 


Tulley Ave Oat 
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Holland 


BEARINGS and 
Grass, Bronze 


BUSHINGS 
Steel, ete.) 


METAL 


Chrysler Corp Dept 


Hearing Ce Bound 
1 
l4 

Waterbury 2¢ 


Indianapolis 


Holland 


Data may be secured from advertise 


use postcards appearing 


BEARINGS and BUSHINGS 
NON-METALLIC 
es, im Coolidge Highway at lé 
hd., Keyal Oak, Mict 
Co Chemical 
Mase 
ber Co Industrial 
ash, Ind 
Fibre Co., 


Mv, 1 


Wilming 


Penna., 2120 
Ave ding, Pa 


Radio 0540 Tulley Ave., 


Fairmount 


Oak 
Lawr j 

Hichardsor ‘ 9 
I 


Lake, Melrose 


Park 


Joseph T., Chicago 


Fibre Co Ine Tonawanda 


Westinghouse Plectric 
Center Bidg. No. 3 
Pittsburgh 22. Pa 


Gateway 
Ave 


Corp 
401 Liberty 


BEARINGS 
Mar 


FLEXIBLE 


ifact 


(Rubber -backed) 


Lard ring Co Drie, Pa 


BELLS 


Signal 
Brat 


Engineering & 
hport Ave Long 


Mie Co 278 
Branch, N. J 


BELT DRIVES. See Drives, 


Belt 


BENDERS, BRAKE and SHEARS 


Kichards ©o., J A 906 N Pitcher 
Kalamazoo 18F. Mich 
Hyerson & Son. Inc., Joseph T., 


Chicago 


BERYLLIUM COPPER 
Wire 


(Rod, Strip, Tube 


Beryllium Cort Dept sc 
Pa 
Mallory & Ce P. BR 


6, Ind 


Reading 56 


Indianapolle 


BIMETALS. See Therm Bimetals 


eiTs 


SCREW and BOLT 


Bee Socket 


Keys Wrenches 


BLADE 


Torringtor 


Conn 


FAN 


Manufacturing Co, Torrington 


BLOCKS, PILLOW 
Coolidge Higaway at 14 

loyal Oak Mict 
Ie Philadelphia 32. Pa 


BLOCKS, TERMINAL 
& lHWoards Termine 


Bee Btrips. Blocks 


BLOWERS. See Fans & Blowers 


BOLTS 


BOXES and CRAT 


also Containers 


8, WIREBOUND. See 
Packaging and Shipping 
Hair 1 Ridgway Bor (C+ 

Chicago 8, Til 
facturers Assoctatior 
La Salle, Mhicago, I 


Rathborne 
‘4 “ 

Wirebound 
Room 


BOXES, METAL 


Mee Sheet Metal Fabri 


JANUARY 


BRAKES, BENDING. Bee Benders 
and Sbears 


Brake 


BRAKES. HYDRAULIC 


Timken-Detroit Brake 
Spring and Axel Uo 


Div Hock well 
Ashtabula, Obie 


BRAKES, MAGNETIC 

Hammer, Inc., 1264 St 
Miwa el, Wis 

Kaun M Co Dynamatic Div., 
osha, Whe 

Harnischfeger Milwaukee 46, 

Stearns Magnetic inc., 642 8. 28th, 
waukee 46, Wiha 

Ww er Electr 
Dept. EM 


Cutler Paul Are. 


wis 
Miu 


Corp 


Brake & 
Beloit, Wis 


Clutch Os., 


BRASS BRONZE 
Commercial Forms) 
and Cable, Bare 

American 5 ® 
Conn { 


and COPPER (All 
For Wire, see Wire 


Company, Waterbury 20 

Tobin Bronse, Chromium 
Copper Selenium Copper Alloys 

Ameri Nickeloid Co., Peru 8, Ill. (Pre 
Finished Brass and Copper Sheet and 


Cha 
Conn 

Driver Co Wilbur B, 150 
Ave Newark 4, N. J 

Hussey & © Cc. Ga Pittsburgh 

lleco Corp 5745 Mariemont Ave 
innat! 27, Ohlo (Copper Tubing 

Revere Copper & Brass, Inc 230 
Ave New York 17, N. Y 


Brass & Copper ©Co., Waterbury 26 
Riverside 


19. Pa 
Cle 


Park 


BRAZING 


Chase 
Conr 


ALLOYS, SILVER 


Brass & Copper Co., Waterbury 20 

Div 

rest 
Harman 

Y 

Leach & Garner Co., 
tleboro, Mase 

Makepeace Co, D. E., Div. of Union Plate 
and Wire © Attleboro, Mass 

Mallory & Co Ine P. R., Indtanepolts 

4. Ind 

Ney © J v 


Conr 


Plate 
Corp., 41 F 
Handy & 

N 


General Metals 
Attleboro 


$2 Fulton 


and Controle 
Mase 
New York 


Industrial Div., At 


371 Elm. Hartford 1 


BRONZE 


aleo PF 


Seo 
phor 


Krase 
Bronte 


Bronze & Copper 


BRUSH CAPS 


Phoenix Electric 
Chicago 24, Tl 
Triple Mw Electronents 
Molding & Mfg Co 


Mfg. Go, 4211 W. Lake 


Div Midwest 
Gurnee, Tl) 


BRUSHES: CARBON, 
METAL-GRAPHITE 


Becker Brothers Carbon Co 
Ave. Cicero 50, Tl 

Graphite Metallizing Corp 
han Ave., Yonkers 3, N. Y 

Kpeer Carbon ©o., St Marys, Pe 

Rtackpole Carbon Co., Bt. Mary's Pa 

Buperior Carbon Products Ine siie 
George Ave. Cleveland 5, Ohio 

United States Graphite Co., 1621 
Saginaw. Mich 

Weetinghoure Electrie Corp Gateway 
Center, Bidg No. 8, 401 Liberty A 
Pitteburgh 22. Pa 

Wilson Co, The H. &, Devt. £ 
U.8. R lnton, N. J 


GRAPHITE, 


8450 8 52nd 


1069 Nepper 


Holland 


2666 
ute 22 


BRUSH HOLDERS. See Holders 
Commutator Brush 


BUSHINGS 


Bearing. See 
Cemposition 
Fibre. See 
Glass See 
Hermetic 
Hermeti 
Mica See Mica 
Porcelain 
Rubber 


Bearings and 
See I ies 

Fibre 
Giase 


Seal 


Bushings 
Molders 
Vulcanized 

Technical 

See Seals & Terminals 


See Ceramics 


See Rubber & Rubber Products 


CABINETS 
Meta! Fabri 


SHEET METAL 


ators 


See Bhest 


CABLE 


See Wire & Cable 


CABLE ASSEMBLIES and HARNESSES 
Bee Harnesses & Assemblies, Wire 


CAMBRIC 


Insulating 


VARNISHED See Fahrice 


CAPACITORS 


Aerovor Cort New Bedford 
Aircraft-Marine Products, Ine 
ton. Harrisburg, Pa 
Astron Corp Grant Ave 
N J 
Centralat 
L Ff } 


Mase 
2100 Pas 
EK. Newark 


255 


Div of 
Ave., 


Globe- Union Ine 
Milwaukee 1, Wis 


eefeo 


ICAL MANUFA 





ELECTRIC MOTORS 


+++ the choice of leaders 
in industry 


a 


MORE POWER IN SMALLER FRAMES The Wagner DP Motor packs 


in a smaller frame and this smaller size means ease 


handling and stockir required for installation 


You get better 


performance with these 


Wagner DP Motors 


(oN weer ee 


Wagner DP motors are doubly protected by (1) rugged, cor- CAN BE RE-GREASED FOR LONGER LIFE This motor will operate 
for years without regreasing bearings are completely enclosed 
rosion-resistant cast iron frames, smoothly rounded so that : , , , : . 


however, provisions have been made for adding lubricant and for 


no moisture can collect on them. Motor feet are cast as an the removal of old grease in cases where regreasing is necessary 


integral part of the frame for maximum strength and rigidity 
(2) Enclosures on the DP motor are completely drip-proof 

virtually splashproof. Air intakes are located at the bottom of 
the endplates and air outlets are located at the base of the 


frame —one on each side. 


Although engineered to meet the re-rated NEMA specifica- 


tions which call for more power in smaller frames, the same 


high quality and long life performance that have made 


Wagner Motors the choice of leaders in industry for many 


years has of course been retained 


Full information and principal dimensior s are given in ° 
Tee 


Bulletin MU-202. Write for your copy today. 


COOL RUNNING Spe gned boffles direct 


the blowers through the motor and provide prot 


stator windings. Blowers integral part 


move large volumes o j 4 o noiwe or vibra 


Wadner Electric @rporation 


1 Plymouth Ave., St. Lowis 14,Me, USA 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIE 


ELECTRIC MOTORS - TRANSFORMERS + INDUSTRIAL BRAKES ~ AUTOMOTIVE BRAKE SYSTEMS-AIR AND HYDRAULIC 





hdenser VProducta Co Div of New eran ' alt Co., 444 W. 6 mal 
Haven Clock & Watch Co 140 Haw Livers 
4 ‘ New Haven, Conn ylonial Insulator Co., 93 rant 
il J ler Electric Corp Dep Ont (ABC) 
4 ; 5. South Plainfield, N. J eneral Ceramics Corp Ceasb N 
1 os 6Works Corning N Y BEFI 
/ ( lized Glass) llinois Electric Por DB . 
Erie Kesistor Corp., Electronica Div 272, Macomb, I ; 
/ ra nox Porcelain Co .noxzvil 
Fanstee! Metallurgical Corp North ABC) 
cago, I Tantalum) yoalex Cor of Ameri 116 Ciiftor 
/ General Electric Co., Apparatus Sales Diy Bivd if N Glass Bonded 
Hchenectady 5, N. ¥ 
/ Joh ‘ EK. F 2009 Second Ave or . New York Ave 
Vas Minr , 5 N. J. (ABE) 
/ ‘ r ‘ I K Indianapoll> ’orcel Produ ne., 1241 Bandusky 
‘ indlay, Ohi 
/ , Cap r “ Moffa ichardson Co 2790 Lake, Melrose Park 
(ii 
Lafayette, Ind 
6060 Rivard, Detroit 11 


i ads s Bquar : 
ackpole Carbon Co., Bt. Marys, Pa 
r ‘orcelain ¢ 41 Muirhead Ave 
CARBON and GRAPHITE Contacts Trenton 9 J. (BF) 
Electrodes Anodes Bearings Dises Stoneware Co., Brimfield Rd 
Piles, Pilates, Plungers, Rings, Seals Akron $, Ohio 
ete Iniversa Clay Products Co, 1540 E 
s on First, Sandusky, Ohlie (A) 
; : t J , . Wisconsin Porcelain Co., 115 Market, Sun 
| ; - aa ate . Prairie, Wis (ARF 
.- Por aee g OCP 089 Nepper CHAINS, BEAD. Bee Bead Chains 
/ ginaw, Mich. oor CHAMBERS, TEST 
Ci 


American HResearch Corp., 11 Brook, Bris 
tol, Conn 


> 
CASTINGS ALUMINUM and Biue M Electric Co., 188th and Chatham 
MAGNESIUM dee 4 Castings. D i Isla Th 


0 ee re rearing {0., DOING cHaARGERS, BATTERY 


Ther Electr & Machine Works, 114 8 
Jefferson, Chicago 6, Ill 


CASTINGS. BRASS. BRONZE. COPPER CHARGERS, MAGNET. See Magnetizers 


Demagnetizers 
0 . 


CHOPPERS, ELECTRONIC 


Graphite Metallizing Corp 1059 Nepper 
an Ave Yonkers 8. N.Y 


A multitude of coils for 


a multitude of applications CASTINGS, DIE 


requiring coils —- Dano is , Uittaburgh 19, P oe ) CIRCUIT BREAKERS 
. ead ved Alien Tradle Co 1316 8. Becond, Mi! 
3 , rie epro ‘ ‘or . we waukee wi 
keeping pace with today s , ¢ ew elle (Zine Allle arias _— 1, Wie 
b : ° oe ' “ ira 193 wd Crouse- Hinds Oe, more Ve 
. utle ammer ne 12 , ve 
changing coil needs. ‘‘Keep ‘em Ave. Jackson, Mich. memtord,  SMilwsueee 1, Whe =i 
. 99 8 nt Fasco Industries. Ir Rochester 2, N. ¥ 
coming 1s the Dano motto, and ew Jersey 7 New General Electric Co goperctus Bales Div 
oO b il ° ° ’ 7 oijane He ee : i ectric Co., 99 Plum, Treo 
u can be r Vv - rher Vi : ton, N 
y sure every collis preci r wo nai a, ia. aiien oat iia “ihe 
. . re 9 P rs "*hicago ] 1 
sion made to your exact speci- NY PE ora de mist Div., of Metals & 
Stewart ‘ ’ * \ ( trols Cort 12 Forest, Attlebore 


: . . ‘orp. 4 e. Chica Mass 
fications. From design engineer 39 Square D Co, 4041 N. Richards, Milwau 
ker >» Whe 
to the purchasin Weetingnoves  Kierttic OP ce ate 
F sing agent to CASTINGS. INVESTMENT se oh tena” 


Dano a perfect ‘‘lifeline’’ ard hore 


to production CIRCUIT STRUCTURES, ELECTRONIC 
Ve r tf 7 r vile 
CATHODE a TUBES ! ! A s Hf 


CALL or WRITE TODAY, 
and DANO’S quote will SULATING and SEALING CIRCUITS, ETCHED, PRINTED, ETC 
CEMENT InSuE a 7 Aerovox Cort New Bedford, Mass 
be on the way. ‘ e *& aiden Pr s Co., 9125 N. Main, Brock 
Carbor 0 Madts Ave New n 64. Mase 
emerican Lava Corp, Chattanooga 5. Tenn 
Centralat Div f Glohe-Untor tr 
Keefe Ave. Milwaukee 1, Wis 
W Mt Pleasant Ave 


tronics Div., Erie 


114) (lifter 


Bobbin Coils 

Form Wound Coils 

Paper Section Coils 

Acetate Bobbin Coils 

Cotton Interweave Coils 

Coils for High Temperature Applications - a ton veit ae Eee 


TEST 
Encapsulated Coils —in either Polyester High. voltage Porcel Burndy Engineering Co, Ine., Norwalk 


> ‘ 
‘or Expoxy Resins reels (F veo Corp... 574 me B90, 5 
; IssowW FE. Siet 


and 


Also, TRANSFORMERS MADE-TO-ORDER 


THE DANO ELECTRIC Co. 
CLAMPS and CLIPS, SUPPORT 


93 MAIN ST., WINSTED, CONN. ee eek Cet a ee aes ae eae 


BR Rattle Creek 


Ine 28 Butler 


re. I 
Werkesser 5256 N. Avondale Ave 
hicago 3 
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SWITCHING. 


This new Eleetro De Precision 
Selector Switch is ideal where 
miniature size. low friction torque, 
high accuracy, and low electrical 
noise at high speed are 
requirement Simplified cireuits 
and long service life recommend 
it for a wide variety of uses 
including sampling, pulse 
generation for preeision 
measurement, telemetering and 
strain gage applications, in aircraft, 
missiles, servos, computors, ete. 
Switch design incorporates many 
exclusive features that have gained 
industry-wide acclaim for Electro 
Tee precision slip rings. 


commutators and brush blocks. 


CALL OR WRITE 

‘ z FOR ILLUSTRATED BROCHURE 

| f 

% or 10 position switches in 
standard size 10 synchro 


housing are available for 
immediate delivery; other 


si 
i" 
es . circuit combination 
r ro upplied to specification 
j 
© Ke - - 
” 


new 


CLECTRO 


NG PAT NO 2.0905 


A 


oy 


Electro Tec 
Corp. 

SO. HACKENSACK 

NEW JERSEY 


Te HUbbard 7.4940 


irks 


a ‘ 
Se baleen 
tt 


ia 
wi 


= | - 





EXTERNAL THREAD? 


with insert 
molded in 


INTERNAL THREAD? 


with insert 
molded in 


% 


MOLDED THREADS’ 


on holders 
and caps 


BRUSH CAPS TO FIT? 


Internal or 
External Thread 


— 


MOLDED COMMUTATORS? 


with or 
without prongs 


Sal 


Many 
Stock Sizes 


or segmented 


Complete Range @ 
of Stock Sizes & 


eWicuest eHolding e 


AND MANUFACTURING COMPANY 


et a Oe oe Wee a ee a ee | 


CLEANING COMPOUNDS, METAL 
12-140 26ur 


Brook 


Ketalper & 


CLOTH INSULATING 
ating 


CLOTH TRACING See Tracing 
Film & Paper 
CLUTCHES 


Centric Olutch Co, P. O. Box 175, U.S 
lhoute @ at Main, Woodbridge, N. J 
Cuuier-Hammer, in i264 Bt. Paul Ave., 

Milwaukee 1, Wis 
Eaton Mig Co Dynamatioc 
yehea, Wis. (Magnetic) 
learns Magnet inc., 642 8B. 28th, Mu 
waukee 46, Wis Magnetic) 
er Electr Brake & Clateh Ce, 
pept. EM, Beloit, Wis. (Magnetic) 


Cloth, 


Div., Ken 


COAAIAL 


aled 


CABLE Bee Wire & Cable, 


COIL CORES and FORMS 

A n Products Co., 9125 N. Main 
u 64, Mase 

r al iava 


Broek 


Corp Chattanooga 6 
Corp., 458 Con 

Mase 
leveland Container Co 6201 
Ave Cleveland 2, Ohie 

Continental-Diamond Fibre Div 
Budd Co., In Nowark 15, Del 

Gries Reprodu 125 Beechwood 
Ave New HKochelle 

Mycalex Corp. of America, 116 
Bly Ciiftes, N. J 
Vational Vulcanized Fibre Co 
ton 99. Del 

Parmount Paper Tube Co., 612 
ette, Fort Wayne 2, Ind 

Precision Paper Tube Co., 2085 w 
(harleston, Chicago 47 I 

Radio Cores, Inc 9540 Tulley Ave, Oak 
Lawn, I 

Kesinite Corp Div. of 
Tube Ce 20385B W 
cago 47, Il 

Btackpole Carbon Co Rt 
Serew-type. Molded Iron) 

t 8. Gasket Co., Camden ! 


Thermionk 


e as 


Barbertoa 


of The 


Cilftos 
Wilminag 


Lafay 


Precision Paper 
Charleston, Chi 


Marys, I's 


N. J 


COILS and WINDINGS 

Acme Wire (Cr 1255 Dixwell Ave New 
Haven 14, Conn 

Caledonia Electronics & Transformer Corp 
D EM Caledonia, N. ¥ 

Cambridge Thermionte Corp 458 Coneord 
Cambridge 38, Mass 

Comar FElectr Co. 3340 WW 
Chicago 

Corning Works 
Glas ietance) 

Coto-Cot Co Ine 63 
Providence 5, R. I 

Cutler-Hammer Ir 
Milwaukee Wie 

Dano FElectri Co 98 Mal 
Conr 

Deluxe Cotls, Ine, 1800 
Ind 

Dormeyer I stries, 8424 Milwaukee Ave 
Chicago 4 I 

Patera! Teler 


Addison 
Corning N Y 

Pavilion Ave 
1244 ®t. Paul Ave 
Winsted 
Furst 


Wabash 


me and Radio Co. Div. of 
a Telephone and Telegraph 
Kingsland R4., Clifton, N. J 
© I ia Place, Pilanteville 


Five Star ( 
QOenera Mlectrie Co Apparatus 
Div., Schenectady 5. N. Y 
Gries Reproducer Cory 125 

Ave New Rochelle, N. Y 
thelfer Winding Laboratories, 111 Albe 

Ave. Trenton & N. J 
of Amertea, Tube Dir Har 
J 

& Machine Works 
(hicago 6. Ti 
wr ~ aio 


Bales 


Beechwood 


11A @ 


Hillside Ave 


COIL WINDING MACHINES 
Cotl Winat r 
NW. ¥ 


Rer Rheortat Oo 


ment Go... Oyster Ray 

Raldwin, N. Y 

ne Manufacturing Co Ine Oeorre 
ack? RA at Peterson Chicago 96, Tl 
real Mfe (x 410 Hilliside Ave 

to, N 

niversal Winding © PO. Ber 1405 

videncre 1 RT 


COLD HEADED PARTS. See Fasteners 


COMMUTATORS 


Mectro Tee Corp 4 Romanelli, 
Hackensack. N. J 
Kirkwood Commutator Ce 
Meveland 11, Ohte 
Nippert Electric Products Co 
Mound, Colombes 28, Obie 
Triple “M"’ WPhlertronents Div.. 
Molding & MY¢ Cs 


Routh 
4855 W. 180th 
ire WwW 


Ml Gwent 
Garnes 96, TH 
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Westinghouse Electric Corp., Gateway Can- 
ter Bidg Ne. 3 401 Liberty <Ave., 
Pittsburgh 22, Pa 


COMMUTATOR SAWS and SLOTTERS 
Holub Industries, Inc., 445 Kim, GSyes 


more, Iii 
Ideal Industries ‘ 1008 Park Ave., 


Sycamore, Iii 


COMPOUNDS, SEALING. Bee Cement, 
slating & Sealing, also Waxes end 
ompounds 


COMPOUNDS, VARNISH. See Varnishes, 
Compo s and Kesins, Insulating 


COMPUTER COMPONENTS 


Deosicam, Div. ef Minneapolis-Honeywell, 
Soldiers Field Kd., Boston 85, Mase 
Federal Telephone and Kadie Ce., Div. @ 
Internation Telephone and Tel aph 
Corp., 100 Kingsland Rd., Cliften 4 
i Inc., G. M., Pasadena 1, 


CONDENSERS. See Capacitors 


CONDUIT FITTINGS 


Appietor C tr Oe i 
Ave., C! lil 

Buchanan Elect Products 
Rte. 2 H id N. J 

Crouse- Hinds Syracuse 1, N. Y 

Pyle- Nationa 1388 N. Kostner Ave 
Chicago 

Bimplet Blectr Co 1008 
Sycamore, | 


Wellingtos 


Corp 235 


Perk Ave, 


CONNECTORS, WIRE and CABLE 


Aircraft-Marine Products, Inc., 2100 Pas 
ten, Harrisburg, Pa 

Aldew Products Oo., $138 N. Main, Brook 
ton 64, Mas 

American Hrasse Co., Waterbury 20, Cona 

American l’henolic Oorp., 1880 8. S64 
Ave., Chicago 50, Ill 

Hendixz Aviat 

~ = 

Buchanan Electrical Products 
Rte 2H side, N. J 

Buggie, Ine H. H P. 0 
Millbury, Okhlo 

Rurndy E 
Conr 

Cannon Electr 
500 3209 
Calif 

Orouse-Hinds ¢ Y 

DeJur-Amaeco , 45-01 Northern Blvd 
Long I y1LN. Y 

General Electric Co., Construction Mate 
rials D Bridgeport 2, Conn 

Holub Industries, Inc 44 Bim, Byes 
more! 
Ideal Industries Ine 1008 
Sycamore, I 
Ilaeco Cort 5745 
1 ti ar 
Johna-Manville Cort Dutch Brand Div 
n00 WW Chicago 19, TM 

Johneon { . 2 204 Becond Ave 
aw Waseca, Minn 

Jov Manu ring Co Henry W 
BRidg “tteburgh 22. Pa 

Krueger & Hudepohl, Walsh Bidg Cis 
einnat! Ohtoe 

Pyle Nat C 
Chicago 5 Th 

Russell & li Ga Ine 125 
New York 7 _ 

Sherman Mfg H RB 
Mich 

Boreng Products Cort O55 
Rehiller Park 

Bwttcheraft Inc s2n N 
ago 22 

Thomas ‘ ; r -* 


Fllizabet? 


Corp., Scintilla Div., B14 
Corp., 236 

Box 61iT 
coring Co In Norwalk 


Development Co 
Humboldt, 


Dept 
Los Angeles 1 


Byracuse 1, N 


Perk Ave 
Mariemont Arse., Cla 


Oliver 


1388 N. Kostner Ave 
Rearclay 
Battle Creek 
Boreng Ave 
Halsted, Chi 


Rutler 


CONTACTORS 
& Contactors 


MAGNETIC. Bee Relays 


CONTACTS and CONTACT POINTS 


Brainin Co, C. 8., 818 Washington, Mt 
Vernon, N. YT 

Fanstee! Metallurgical Corp., North Chi 
cago. Ti! 

General Findings and Supply Os., Indus 

trial D Attlebore, Mass 

General Plate Div Metals and Controls 
Corp., 41 Forest, Attleboro, Mass 

Gibeon Electric Co 8349 «6Frankstowe 
Are Pittsburgh 71 ra 

Graphite Metallizing Gorp., 1068 Nepper 
han Ave, Yonkers 8, N. Y 

Mallory & Co, Ine, P. BR. Indianapolis 
6. Ind 

wey Co 7. MM. 871 Mm. Hartford 1 

Stackpole Carben Oo. ®t. M . Pa 

Nor Carben Products "Tne ile 

eorge Ave. Cleveland 5, Ohio 

Willen Oo., The H. A.. Dept. BB. 
U. 8. Rowte 22, Union, N. J 


CONTACTS 
Graphiw 


CARBON. Bee Carbon & 


MANUFACTURING 





CONTACTS, HEATER PLUG and TAP 
Heyman Mfg. Coe., Kenilworth 11, N. J 


CONTAINERS, PACKAGING ana SHIP 
PING. Bee aiso Koxes sod UTsves, Wire 
Deu 

Gaylord Container Corp Div of Crown 

\ l~uis 2, Mo 

Rawworne Hiair anu Miggway tex Co 

itu W. 2iet Place, Uhicagy 8, iu 


d 1 Corp 


CONTRACT MANUFACTURING 


Aluminum Goods 
Manitowoc Wis 


Manulacturing Co. 


as & Copper Coa, Waterbury 20 
Watch Co, Ordnance Div., 


m Manufacturing Co., 812% 
inpau Ubie 
g Corp., 


CONTROLLERS, MOTOR 
Alien-Bradiey Co 1316 5 nd, Milwau 
i, Wis 
“ ré, Milwaukee 1, Wis 
» Electric Manufacturing Co., 60 lows 
Paterson 3, N. J 
Waterbury 20, Conn 
roller Co.,, 1146 E 152nd 
lo 
Syracuse 1, N. ¥ 
i264 Bt. Paul Ave., 


24 McKee, Batavia 


, Apparatus Sales Div., 
5 N : 
Corp Milwaukee 46, Wis 
Co., Inc., 125 Barclay, 
Y 
Square LD Cx 1041 N. Richards, Milwau 
kee wi 
Ward Leor i Electri C 600 Bouth 


M Vernon i. 2 


CONTROLLERS, POTENTIOMETER 


Bristol Co,, Waterbury 20, Conn 

TA‘ je Instruments Div Weston Plee 
trieal Instrument Corp,, 614 Frelinghuy 
son Ave rk 5, N 

Wheelco Instruments Div., 
Co 140% Rockfore 


rber-Colman 


CONTROLS, FLOAT and LIQUID 
LEVEL. See Switches 


CONTROLS, PHOTOELECTRIC 


i tric Controls 


CONTROLS, PRESSURE and TEMPER 
ATURE Bee also) Helays Switches 
Thermostats 


Columbus l¢ 
Milwau 
and 14, 
} Rock 


soratories, 6135 Mag a Ave., 

if 
on 

264 St. Paul Ave 


strument Div 
easant, Ashiand, Mase 
8 Hollywood Piaza 


paratus Sales Div 


Thermostat Corp., 10 Albany Ave 
t N.H 
4201 Belmont Ave, Chi 
cago 41 
ltobertshaw Thermostat Dir Robertshaw 
Controls Co Youngwood, Pa 
Thermostat Div. of Metale & Con 
ole Cort 101 Porest. Attleboro, Mass 
Square PD Co., 4041 N. Ri la, Milwau- 
ace Ww 
TAGIiabue t ents Div., Weston Elec 
trica Inetrur Corp 614 Freling 
huyser v N N. J 
Thermo Ele i 9 Fifth Baddle 
River I ship Rochelle Park Post 
Office : 
Whee Instrumente Div Barber -Colman 
Co., 1403 Rock, Rockford, 0! 


CONTROLS, REMOTE. Bee Push Button 
Stations Relays and Contactors 
witches 


CONTROLS, RESISTANCE 
rs, also Rheostats 


See Resis 


CONTROLS. SERVO. See SBervomechan 
ieme 


COPPER. See Brass, Bronze & Copper 


COPPER, BERYLLIUM. See Beryllium, 
Copper 


CORD and TWINE ARMATURE and 
coIL 
Manufacturers Corp., 565 W 
< ago 6, I 
Schenectady 1, N. Y 
Jay, Kome, N. Y 
Electri Corp Gateway 
N » 3 Liberty Ave 
Pa 


coroD INSULATED 


t sulated 


CORD, RESISTANCE LINE 


ance | e Cords 


CORD SETS 

‘ I a Ce 9.2 
Mas 

Manufacturing 
Chicage 44, Ll 
vire Co Inc 
. 2 

Ad. Div., Eesex Wire Corp., 
DeKalb, Ill 

t & Carol Cable Div 


Pawtucket 


1 E tr Co Construction Mate 
ais D Bridgeport ‘ 
Manufacturing Co Henry W. Oliver 

t « Pittsburgh Pa 
Pha Plastics Corp... Commercial & Fos 
Worcester Mase 
o Pawtucket, R. 1 
Rockefeller Ce er New 


rt Gateway 
4 Liberty Ave 


New Haven 14, Conn 
1729 Fastham Ave 
Ohlo 


CORES, POWDERED METAL. See Cores 
Transformer, Powdered Metal Prodacte 


CORES. REFRACTORY Ree Ceram 


CORES, TRANSFORMER 


A e Electric Corg Cubs, N. Y 

American Lava Corp., Chattanooga 56 
Tenn 

Arnold Engineering Co., Marengo, Il 

General Ceramica Corp Keasbey. N. J 

Magnetics, Inc., Dept. EM-26, Butler, Pa 

Radio Cores, Ine., 9540 Tulley Are Oat 
Lawn, Ili 

Steckpole Carbon Co St. Marys, Pa 

Thomas & Skinner, | 1114 K 23ra 
Indianapolis 7, Ind 

Weating! e Flectric Corp Gateway 
“ r N 8. 401 Liberty Ave 
Pa 


CORK and CORK COMPOSITIONS 


Armes na Cork Co 7010 Ingersol Lan 
asl Pa 


COUNTERS. See aleo Instr 
r Kelays 


BRowmar Inatrument Corp 2415 
vania Ave., Fort Wayne Ind 

Bristol Co Waterbury 2 

Kagle Signa! Corp., 202 b 
fi 

Kellogg witcht and Supt 
w.M ”, Chicago 8, Il 

Nationa Acme Co., 176 EK. 

Instrument Co 700-04 

aC go 6! 
Hartford 3, Cone 


COUPLINGS, CLUTCH. See Clutches 


COUPLINGS, FLEXIBLE 


Eaton Mfg. Co Dyna 
hea Wis 
jerbing Manuf iring Corp 
Northbrook, Ill 
Koppers Co I Pasta 
0 Beott, Baltimore 3 
Lard ‘ ufacturing 
Bo 1 Rubber 


CRYSTAL DIODES. Bee Rectifiers, Kemi 
conductor; Transistors & Crys Diodes 


CRYSTALS, QUARTZ 
of America, Tube Div 


DECALCOMANIAS 


lean Deealcomania Co., Inc, 4334 W 
t , Chicago 34, TL 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


SPECIAL 
TRANSFORMERS 
FOR YOUR 
SPECIAL 
APPLICATIONS 


For electronic applica 
tions, having high per 
formance requirements, 
send your inquiry and 
specifications to Acme 
Electric. We offer engi 
neering assistance in 
design, and complete 
manufacturing facilities 
to produce quality con 
trolled transformers in 
production quantities 
More than 37 years of 
experience during which 
we have designed more 


than 19,000 transformer 
types. 


ACME ELECTRIC CORPORATION 
351 WATER ST CUBA, N.Y 


West Coost: 1375 W. Jefferson Blvd Los Angeles, Calif 
in Canada: Acme Electric Corp. Lid 50 Northline Rd Toronto, Ont 





THERMOSTATIC 


Provide delays ranging 
from 2 to 150 seconds 


USN aN AS 


f, Ik MOST ECONOMICAL 


/ HERMETICALLY SEALED 
ee @® Actuate by al ter, the 
DELAY 
RELAY 


iI 
STANDARD 


only~-normally ope 


Amperite Thermostatic 
sated for 
55 to 
proxin 
contin 
(4 


pact, rugged, ex; 0 | ix 
4 
Tt 
et 


‘ , 
weil 


current protection MINIATURE 


iit automatically regulated 


= : rox 
| <4. 4- | : aa AL 


lived i 

TYPES: Sta 

9-Pin Miniatu 

PROBLEM? Send for Bulletin No. TR-81 


Also 1 new ling j 


{ Amperite Differential 
Relays may be used for automatic ove 


load, over voltage inder-vol 1@ or under 


7 Ua 
REGULATORS 


if equlator 


iqned t Keep the jrrent in 


ath | 
re 
i. Vy 


a —_ 


AMPERITE 
Ld 


ing automatic regulation 


r voltage. Hermetically 


y hangs 


Write for 4-page Technical Bulletin No. AB-5S1 


MPERITE CO., Inc. 


561 Broadway, New York 12, N. Y 


Le a eM 
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DIAL LIGHT ASSEMBLIES See Lights 


PANELS 


DIE CASTINGS 


DIE CASTING MACHINES 


} x Ma ‘ 


DIELECTRIC UNITS 


I 


HEATING 


DIES, PRECISION, LAMINATION. Ete 


“4 hddy 


40 


DIODES 


DRAFTING EQUIPMENT and 
MATERIALS 


JHIVES. BEL 


ORIVES, ELECTRONIC 


it ere and Drives 


DUCTS, WIRING 


Control Panel 


DUPLICATING MACHINES DIELESS 


Hendere rake & Shears 


DYNAMOMETERS 

Paton Mfg (a 
shea, Wie 

Gener ' Behenectady, N 

Robbins & ' Ine Mpringfield 


Oblo 


lbynamatte Div Ke 


&eherr ‘ leorge 00EM I 
ayett Ne o>; vee 
Electric Corp Gat 
No. 8, 401 Liberty A 
72, Ps 


TRICA SHEETS 


ELECTRONIC COMPONENTS 


headings 


FLECTRONIC TUBE COMPONENTS 
Bases, Caps, Lead-in Wires, Stamp 
ings, Welds. Ete.) 


ri 


ENAMELING SHEETS ice M 


' s & Grades 


ENAMELS 
' 


EYELETS and GROMMETS 


FABRICS, INSULATING Sheets, Tapes 
Yarns, Thread, Cord, Ete.) 


Giass-Fiber, Varnishe Cambri 


Del 
trell Paper Co 
River, Mass 
Dow Corning Corp 
Klectro-Technical 
Chemica Corp 
(lenera Electri 
Viastices Ave 
Ma 


Co 


Va 

Jay, Rome, N. Y 
Corp Gateway 
401 Liberty Ave 


FANS and BLOWERS 

American Electr Motors, Div. of Amer 
ectre . Ine 4411 Anaheim 
hk law Angeles 22, Calif 
r Manufacturing Co., 60 lowe 


al Div 
facturing Co., Romer 


Ir 383 «Central 
St. Loulse 21 

100 Auguste He 
685 Lawrence, Low 
Propeller Dept 209 
Ww Marke 


Propeller i'r 


FASTENERS Bolt Nut t k A 
Snap Assembiic i Pre assembled 
Washers 4 Sere Recessed Head 
Screws Rivet ‘ Washers 


and Nuts 
‘ “ " i Nute 


Cc) 
Spring Assembly Nute 


ed Threaded Pir 
Parte (F) 


Alcoa Bide 


Willimantic, Conn 
Header Scre 
etal Produc 
N Y 
0, Conn 
Tonowande 


S. Bbields Ave 
ABFEW 
er Co., Waterbury 20 


l Washington 
(A) 
New Bedford, Mass 


of America, Dept 
chall Tet T'nton 


446 Morgar 


Beechwood 
Y aw 
P.O Ko1 
Y Fr 


ELECTRICAL MA? 





EQUIPMENT 


in Every Major Industry 


In practically all testing, processing, and conveying equipment 
common to industry, Dynamatic eddy-current rotating equip 


ment is solving a wide range of adjustable speed drive problems, 


particularly where an A power source ts a requirement 


Advantages include rapid response, stepless adjustable speed 
control, wide speed range, quiet operation, low power loss, low 


maintenance cost, adjustable speed from an AC power source 


Send for Bulletin GB2, which describes and illustrates the basi 
Dynamatic eddy-current units, including couplings, brakes, 


dynamometers, press drives, and Ajusto-Spede" drives 
800 ton double-action under-drive metal forming } 
press, driven by Dynamatic model 37-32 com- 
bination eddy-current coupling and brake 


jain 


Tandem Dynamatic dynamometers, rated 20000 ModelWC-130B Dynamatic adjustable speed eddy Dynamatic adjustable speed eddy-current air 
H.P., 600 to 5800 RPM. A cradled gear box per current coupling with eddy-current brake, used as craft wind tunnel drive, 18000 HP. at 480 RPM 
mits turbine testing to 15000 RPM printing press drive. Rated 20 HP at 1700 RPM 


ee ) 
Paper pulp washer driven by Dynamatic model Dynamatic model WC-160 adjustable speed eddy- Roofing material machine driven by 23 Dynamatic 
WC-160 adjustable speed eddy-current coupling, current coupling, rated 100 H.P. at 1100 RPM, Ajusto-Spede 


drives. All drives and controls 
rated 125 H.P. at 1100 RPM used as cement kiln drive 


completely enclosed and force ventilated 


——- DYNAMATIC DIVISION 
mm > im MANUFACTURING COMPANY 
» 3307 FOURTEENTH AVENUE . KENOSHA, WISCONSIN 
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ACTUAL SIZE 


CENTRIFUGAL 
BLOWER 


MAX. SP 
RPM 270,000 
AMPS 0.1 
WATTS 10.0 


CAPACITOR 


0.25/220 
Mid/ Volts 22 


WEIGHT 


(OUNCES) 
MODEL NO 


7 


ISTERN AIR DEVICES. 1v0 


SOLVING SPECIAL PROBLEMS IS ROUTINE AT EAD 


ae 


? 


AcMome hie 


ent maloR 


383 CENTRAL AVENUE DOVER, NEW HAMPSHIRE 


Corp 127 Church 

Y AB) 

Co 1981 W ast 

(ABCDF) 
Nut Co., 6686 N. Wol 

4, TIL (Cc) 
Machine Co., Milford 

Co Kockford, ID A 

sb. of United-Carr Fastener 
Cordier, Irvington 11 me @ 


General Americar 
wy 2060 Verica, New 
AB 
4 Miami, Toledo 5 

Co 44 Norwood, Tor 
ABF) 
of Illinois Tool Works 
Ave Chicego 39, Ll 
Chester Corp Boutheo Div grad & 
Prints Bivd iaeter, Pa 


l’ressed Bteel Co 
AN 
Bremer & Co Bub. Americar 
& Foundry Co., 520 N. Dear 
ago if rit Cc 
P ts, Ir P. O. Box 66848 
Onto D 
Carr Fastener Corp 
Mass. (ACDE 
Wenco Mfg. Co., 1136 W. Hubberd, Chi 
ago 2 I 8) 


Jenkintown % 


Cambridge 


Lock & Snap Assemblies (Ioor Panel Bhelf 


por & Mounting etc.) 
210 E. Sixth, Dayton 


A Rubber Co 
’ Wabast Ind 
Cory i N. Broad 
p Y 
Com Mount Kiseo 


Industria 


aeking and Taper (G) 


Products Co Ine 
} Y F) 
Waterbury 726 
7 Washington 
G 
of America, Dept 
rhall Ra Unior 


1981 W. 85th 


Pre-Assembled Washers and Serews 
ican Screw Co. Willimantic, Conn 
Screw (er 53501 8. Shields Ave 
4 I 
Berew Co., New Redford, Maes 
stone Co 681 W Sth 
* Ont 
lack Co Rockford, Tl 
urdeall & Ward Bolt and Nat 
Chester N ¥ 
f Tilinets Tool Works 
’ Mhiicago 39 TH 
» PD Sri & 
Lester, Pa 
Rut Ameritean 
N. Dear 


Cambridas 


Recessed Head Serews 


te 4125 N. Main, Brock 
Maas 
rew Products Ow Ine n>) 
e. Garden Citys. N. Y 
rew Co.. Willimantte. Conn 
ew Works Ine 85 Charter 
Hartford’. Conn 
neon. Waterrille &. Conn 
Waterbury 20 Cenn 

™ 5501 S&. Bhields Ave 


(o., Waterbury 20 


°.1T Washington 
New Redford. Mase 
Main. Terreyville 


199 W. Green 
a 40 Pa 
Chicago, TH 
Rong Teh igh Are 


rT 1°97 Choret 


Seestons (Cy 198) W. Sth 

42 hie 

Rivet A Machine Co Milford 

Tock Cr Nockford. TH! 

Serew A Ma facturine Co 2449 
4 Mito 
General Amertran 


18 Varick New 


Rortferd. Ti! 
794) «=6T'nton 

vider s ny 
f nots Tonl Works 
Ace (hrieaen 8° TT! 

riware Mfr. Co Ry 
Pressed Steel Co Jenkintown 9 
Rremer & Co. Bub Amertean 
eo & Poundrs ( 590 N Year 
Chicaeo 18. IN 


Rockford, Il 


Rivets 


Aluminum (x ” Americe. Alcos Bidg., 
Pitievurgh 19, Pa 

Anti-Oorrosive Metal Products Co Ine., 
Castieton-on-Hudson, N. Y 

Chase Lrass & Copper Co., Waterbury 2, 
{o0n 

Chicago Rivet & Machine Co., 
Jackson Bivd., Bellwood, Ill 

Cor ntal Screw Co., New Hedford, Mass 

tu J ie Nemours & Co. (Inc.), BL, 
Kapiosives Dept Wilmington 98, Del. 

Gries Heproducer Corp 125 Beechwood 
Ave, New Hochelle, N. ¥ 

Harper Co H M., 8204 Lehigh Ave, 
Morton Grove, Ll 

Hasea In Jot P.O. Box 2225 West- 
ury, L. L, N 

Keystone Bolt Nut Cerp., 127 Church, 
New York 7, N. Y 

Milford Hivet & Machine Co, Milford. 
Conn 

Progressive Mfg. Co., 44 Norwood, Tor- 
rington, Conn 

Bouth Chester Corp., Southco Div.. 8rd & 
N. Governor Printa Bivd Lester, Pa 

Tubular Kivet & Biud Ce, Wollaston 70, 
Mase 


9609 W 


Cap and Set. Machine (H); Gelf 


ing Co., 133 Sheldon, 
Hartford 5, Conr 

Alimetal Berew Products Co, Ine., 82321 
Ntewart Ave., Garden City, N. Y¥ 

Alun im Co. of Americs, Alcoa Bidg., 
Pittaburgh 18, Pa 

American Screw Co 
HJ) 

Anti-Corrosive Metal Producte Co., Ine., 
Castieton-on-Hudson, N. Y. (H) 

Bristol @o., Waterbury 20, Conn. (H) 

Central Screw Co., 3501 8. Bhields Ave. 
Chicago 9, DL (HJ 

Chase Brase & Copper Co., Waterbury 2, 
Oonr nd 

Continental Screw Co., New Bedford, Mass 
HJ 

Harper Co H. M 8204 Lehigh Arve... 
Morton Grove, Ill. (J 

Hessall, Inc... John, P.O. Box 2225, West 
bury, L. I 

Keystone Bolt Nut Corp 127 Chareh 
New York 7 . ¥ (Hd) 

Lame & Hestions Co 1981 W. Sith 
Moereland 2. Onio (HJ) 

Milford Rivet & Machine Co 
Conn HJ 

Nationa! Lock Co 

r Div 


Willimantic, Comm 


Milford 


Rockford, Ti. (J) 
General American 
lon Corp 200 Varick, New 
(HJ 
44 Norwood, Tor 


Bet Screw & Mamifacturing Oo, 112 Main 
Bartiett, Til H 

Shakeproet Dir of Tilinote Tool Works 
2401 N. Keeler Ave., Chicago 39, IN 
Hy) 

Routh Chester Corr Boutheo Div., 8rd & 
N. Governor Prints Blvd, Lester, Pe 
Hy 

Atamiar’ Pressed Stel Co. 
Pa " 

Tnited Carr Fastener Corp., Cambridge 42 
Mase Hy 


Jenkintown % 


Washers Fiat (} Lock and Spring (L) 


Corrosive Metal Producta Co Ine 
stieton-on-Hudeon, N. Y. (L) 
Associated Spring Corp Bristol, Comm. 
KI 

Auburn Manufacturing Co 306) =6Btack 
Mid n, Conr K) 

Barnes Wallace Div Arsoctated 
Boring Corp., Bristol, Conn, (KL) 

Rarnes-Oibeon-Raymond Div Associated 
Boring Corp 46300 Plymouth Rd 
Plymouth, Mich 

ROR Cook Piant Div Associated 
Spring Corp Ann Arbor, Mich (KL) 

Tiake & Johnson. Waterville 4%, Conn 

Chase Brass & Copper Ce., Waterbury 20 
Conr KL) 

Oontinental Screw OCo., New Bedford. Mess 
KL) 

Dunbar Bros, Co, Div. Assoctated Boring 
Cort Rrietol, Conr 

Freeway Washer & Stamping Co Po 
Ror 1754. Cleveland 5, Ohio (K) 

Garrett © Ine., George K., Philadelphie 
4, Pa KI 

Gbeon ( William TD Tviv. Assectated 
Apring Corp Clyboarn Ave, Ci 
ago 14 1 KI 

Harper © W 2704 Lehigh Ave 
Morton Grove I 

Joliet Wronght Washer Co., Joliet, MIM 
note (KK) 

Keystone Rolt & Nut Corp., 
New York 7, N. Y¥. (KL) 

Lameon & Sessions Co 1981 W. 85th 
Cleveland 2 Ohio (KL) 

Manroses A Bons Fr WN iv Ano 
elated Spring Corr Rrtetol, Conn. (KL) 
Milwaukee Div.. Assoctated Spring Corp 
41 F. Erte, Milwaukee, Wie. (KL) 
National Tack Washer Co 40 Hermes 

Newark 5, N. J lL) 
Ohto Tits Associate’ Spring Corp... 1712 
FL olst. Dayton, Onte (KL) 
Palnut Co. Bub. of Untted-Carr Fastener 
@4 Cordier, Irvingten 11, N. J 


137 Chureb 


Raymond Mfr. Co. Div. Associated Spring 
Corp Corry. Pa KL) 

Reliance Div. Faton Mfg. Go. 904 Charles 
Ave S&F. Masetion. Ohte (L) 

Mhakeoroof Tir f Tilinote Tool Works 
e501 N. Keeler Ave. Chicago 39, TM 


Sentheo Tyiv.. Sr4d & 
Gererner Prints Bivd lester, Ps 


Cheeter Corp 


JANUARY 1956 ELECTRICAL MANUFACTURING 





Thompeon-Bremer & Co, Sub. Americas 
Machine & Foundry Co, 530 N. Dear 
wn, Chicago 10, lll, (KL) 

United-Carr Fastener Corp 
42, Mass. (1) 

Wrought Washer 
Milwaukee 


Cambridge 


Mfg. Co., 2200 8. Bay 


Wis. (KL) 


FELT 


American Felt Co 6 
Giearille, Conn 
Western Felt Works, 4021 
Ave.. Chicago 28, Ill 


Gleaville Rad 


4139 W. Ogden 


FIBRE 
nated 


PHENOLIC. Bee Plastics, Lami 


FIBRE VULCANIZED, Sheet 


Red, Tubing). 


Ceatinental-Diamoad Fibre Div 
Budd Co., Ine Newark 13, Del 

Insulation Manufacturers Corp., 565 W 
Vashington Bivd., Chleage 6, Ill. 
‘ational Vuleanized Fibre Co., Wilming 
wn 6%, Del 

Spaulding Fibre 
N. ¥ 

Stehlin Brothers Fibre Werks, Inc., 
BK Belding, Mich 

Tayler Fibre Co., Norristewn, Pa 

West Virginia Pulp and Paper Co., 230 
Park Ave., New York if, w. ¥ 


(Board, 


of The 


Co., Ine Tonawanda 


Dept 


FILTER ELEMENTS, POWDERED 
METAL 


Ampilex Div of 
E-1, Detroit 31 

Bound Brook Ot) 
Brook, N. J 

Radio Oores, Ine 
law I 


Chrysler 
Mich 
Lees Bearing Co., 


Corp., Dept 


Bound 


9540 Tulley Ave., Oak 


FILTERS, RADIO 


Aerovex Corp., New Bedford, Mass 

Astron Corp., 255 Grant Ave, KB Newark 
N. J 

Feieral Telephone 
at nternational 
are Corp. 
ven, N. J 

Filtron Co Inc., 131-05 
Fiushing 55, N. ¥ 

General Electric Co 

renectady N 


and Hadle Co.,, Div 
Telephone ami Tele 
100 Kingsland Rd., Ciif 


Fowler Ave., 


Apparatus Sales Div., 


P. R., Indianapolis 


7 Marshall, North 


FINISHES 
iamets 
‘ 


PRODUCT See 
Paints and Varnishes 


Lacquers 
Finish 


FLUORESCENT 


I ides Ad Ballasts 
satore Control Unite 

ansformers For 
sistore 
par ore 


LAMP AUXILIARIES 


Compen 
Starters and 
Kesistors, see He 
Instrument & Radio; also Ca 


6 Flectrie Cort Cubs, N. Y 

= Corp New Bedford, Mass 

ego Standard Transformer Corp., Ad 
son & Elston Ave., Chicago 18, Til 

ral Electr ( Construction Mate 
als Div Bridgeport 2, Conn 
A Miectrie Co., 4688 W. 16th 
TH 
rague F 
Adame 

Sylvania 

roadway 


W eating? 7] 


Chicago 


ectrie Co., 8 
Mass 
Eleetrieo Products Ine., 
New York 19. N. Y¥ 
Electric Cort 
Bidg. No. 3, 40 
shurgh 22, Pe 


Marshall, North 


1740 


Cateway 
lAberty Ave., 


FOILS, WIRE MARKING 


Kingsley Stamping Machine Co 
enga, Hollywood 328, Calif 


FOOT SWITCHES 


See Switches 


FORGINGS 


American Brass Co 
(hase Bras & 
Oann 
Philadelphia Rronse & Brass Cor 
of P. R. Mallory & Co Ine., 
and Master, Philadelphis 21, Pe 
Revere Copper & Firass, Inc 730 Park 
&ve.. New York 17, N. Y¥. (Non-ferrous) 
R rerson & Bor Ir Joseph T., Chicago 


Waterbury 26, Conn 
Copper Co., Waterbury 20 


Bub 
22nd 


FREQUENCY METERS. See Instruments 


FUSE 
cLies 

Aléem Products Co., 9125 N. Main, Brock 
ton 64. Mass 

Barndy Engineering Co Ine., 
Owe 


HOLDERS, MOUNTINGS and 


Norwalk 


Holub Industries, Ine 
m 

Idea) Infustries, Ine 
Breamore, Il! 


445 Elm, Sycamore, 
008 Park Ave., 
READER 


IRY 


INO 


Iiseo rr 5745 Mariemont Ave., Cio 
innati 37, Ohio 

Jones Div Howard 
Chicago 24, I 


Mfg. Co, H. B 


B.. Cinch Mfg. Corp.. 


acai Battle Creek, 


60 Rivard Detroit 


Ine Norwalk 
ratus Sales Div., 


Pawtucket, R. 1 
Ce Gateway 
Libert Ave., 


GAGES TEMPERATURE 
and VACUUM 

Bristol Co., Waterbury 20 

Edis Ir I as A., J 
lrept 3, We Orange, N. J 

TAGIiabue Instrument Div Westor 
rical Instr ent Cort 6i4 
uysen Ave Newark 5 N J 

Whee Instr ent Dir Barber-Colman 
Co 1408 Rock, Rockford, Il 


PRESSURE 
Conn 


nent Div, 


Flee - 
Freling 


GALVANOMETERS. See Inst 


GASKETS 


American 
Glenville 


Felt Ce 6 
Conr 


Glenville Ra, 

rk Co Ingerso Lan 

Pa Cork and Rubber Composi 

Manufacturing Co., 806 Stack 
Middletown, Cons 

Chase Brass & ( ° 
Conn 

Chicago Rawhid ‘o., 1901 
Ave Chicago 

Crane 

" 


Waterbury 20 
Elston 


Packin Cuyler Ave., 
eago 13, Il 
tr Tee Corp r ¥ South 
Hackensack, N. J 
rlock Packing Co., Palmyra, N. Y 
Rubber Co I P.O. Box 617 
hen, Ind 
ns-Manville, Box 6 New 
Y 
Raybestos-Manhattan, Ine 
lle Div Manheim, Pa 
Roth Rubber Co 1456 8 
0, Il 
S Gesket Co 
Ss Rubber Co 
ew York 2 i. a 
Vestern Felt Works 
Ave, Chicago 23, Il 


York 16 
Asbestos Tex 


Sith, Chicage 
Camden 1, N. J 
Rockefeller Center 


4085-4117 Ogder 


GEARMOTORS ee Motors 


GEARS and PINIONS 


4 r oe 


GENERATORS 


GENERATORS, ELECTRONIC 
Hogue FElectri Manufacturing Co 
lowa Ave., Paterson 8 WN. J 
Daven Ce 536 W. Mt. Pleasant 
[Avingston, N. J 
Electric Indicater (+ I 
Ave Springdale, Conn 
General Electric Cer Apparatus 
Schenectady 5, N.Y 
Genera Flectrie Co Flee 
Flectronics Park, Syracuse 
Howard Industries Ine 
760 Btate, Racine, Wis 
Serve Corp. of America 
i. 
Southweetern Industrial 
7] Poet Oak Rd 
Houston, Terss 


Bales Div 


tronics Div 
wy 
Dept 
New Hyde Park 
Flectronica Or 
PO hea 19458 


GERMANIUM 
Semiconductor 
Diodes 


DIODES, Bee 
Transistors & 


Rectifiers 


PM-11 


Oryetal 


WHAT'S NEW 


AT BRISTOL... 


Automation and Bristol 
Through-Broached Screws 
cut assembly time at Burroughs 


BURROUGHS, DETROIT 
Through-Broache 


0) el cre 


Thy Ju rh Bro if hie a 


either end 


Vrite to 


Phe 


1 
Socket 


Bristol 
S« rew 


Division f 


( OMmpa4ny 


LARGE AND 


Bristol 


‘i 


c 


standard in ‘ 


Sih 


| itented 
fed to a 
tire required to 


for their Sensi 


fed Bristol screws not 
but 
threadin 
m with the 


| 
rahhon also cut 
| cro 
ended 


Socket 


doubl 


Set 


SMALL—WE MAKE THEM ALL 


, Socket Screw Division, Wate 





Minimum Dielectric Strength 


Atlanta 


8 


600 volts/mil. 


ELECTRICAL 
INSULATING MATERIAL 


Meets all Class B requirements 
Dielectric strength — 600 volts per mil 
25,000 Ibs./sq. in. 
010 to .025” 


An asbestos-glass laminate 


Tensile strength 
Thicknesses from 


No delamination or fraying 
High impact strength and arc resistance 
Will take any elec trical varnish 


REPRESENTATIVES 


ownel for | New York 


Brownell Distributors, Inc 
& Parts 


Cole Co 


Newark—Electric Motor 


Corp 


Insulation Ce Oklahoma City—John H 


}. Vonemar 1—Electrical Maintenance 


Supply Corp Equipment (Co 


ectric Ce Pittsburg tbert J. Graham 


Salt Lake G J. R. Christiansen Agency 
Tri State Supply Corp 
' 


e Supply Corp 


Painter 


Write for literature and free sample 


PAPER COMPANY, INC. 
88 Purchase St. * Fall River, Mass. 


GLASS-BONDED 


Continental Diam 
Budd Co, Ine 


Genera 


MICA 


Fibre Div 
Newark 13 
Electri Cr Chemica 
Pittefield. Mase 

America ‘ 

J 


ot The 
Del 
Div., 1 


Clifton 


GLASS-FIBER YARNS. CLOTHS ana 


TARE “we Va I ating 


GLASS. TECHNICAL 


ing Glass 
Hermaseal Co 


Tubes 


Kikhart 


(lateway 


D, ROLLED. (Plate and Wire) 


I’rince 


‘ Al 
f tnion Viate 
M ass 
" Hartford 1 


Dept E 
mee 


2455 


GRAPHITE Graphite 


GREASE BEAKING 


GRIPS and 
Mt« 


CLAMPS 
o I 


STRAIN KELIEF 
worth 1. N. J 


Heyman 


‘ 
ul s N. hostner Ave., 
I 


HARNESSES and ASSEMBLIES, WIRE 


i 04 \. Main, Brock 
Ma 


Mate 


HEADPHONES 
Aut 

Var 

Telex I 


and HEADSETS 


HEATING 


ELEMENTS and 


UNITS 


Ate 


HERMETIC SEALS 


HIGH-FREQUENCY HEATING 


Milwaukee Wis 
Rale 


rk 14. N.Y 


Cort Gat 


401 LAberty Ave 


HIGH 


NICKEL ALLOYS. See 
k 4 


Ave., 


viagare 


UNITS 


way 


HOLDERS. COMMUTATOR BRUSH 
Ma ‘ 

23, Pa 

59 epper 

6 Cilfton 
Bonded 


W. Lake, 


Div Midwest 


Gurnee 96, I 


Bee Heat 


IMMERSION HEATER UNITS 
a Ble ' & 


IMPREGNATING COMPOUNDS. See Ce 


I g & Rea Wares and 


INDICATORS 
INDICATORS 


SPEED See 


INDUCTION HEATING 


INFRA-RED LAMPS 
& Infra 


INSTRUMENTS 
URING and 


ELEC 
TESTING 


TRICAL MEAS 


Selmont, 


ird, New 


rhird 
Hurlingtor 
Daven Co., 536 W Mt r 
Livingston, N. J 
DeJur-Amseco Corp., 45-01 Northern 
lang Island City 1, N. Y 
Doelcam, Div. of Minneapolis-Honeywell 
Holdiers Field Rd., Boston 35, Mass 
Federal Telephone and Radio Co., Div. of 
International Telephone and Telegrapt 
Cort 100 Kingsland Rd., Clifton, N. J 
Freed Transformer Co Ine 1736 Weir 
field, Brooklyn Ridgewood) 27, N Y 
General Electric Co Apparatus Sales 
Div Schenectady \ Y 
iB b Industries, Ir 145 Elm 
i 


lowa 
eusant Ave 


iva 


Sycamore 


Industries Ir 1008 Park 

amore Til 

rial Developme ratories, Ine 

Po k Ave ersey i 

rial Test Kau t I Lith 

w York 3 

ational I 

i New Have 

Aviatior 
Equit 


Ave 


Khoa 


19. Texas 
Ine Hermar 
rk 7.N. ¥ 
nan Producta Co 
nerald, Philadelphia 25 
Ing? se Electr ie Corp 
enter, Bidg. No. 3, 40601 
burgh 22, Pa 
n Electrical Ir 
Ave 
Inetrument PD 


103 Rock RK 


Gateway 
lAberty Ave 


strument Corp 614 
Newark 5, N. J 

Barber Colmar 
kford, Wl 


huyser 


INSTRUMENTS 


“oO K 


ELECTRONIC 


Vaterbury 


and Rad 


Federal Tele 
International 


phone »> Co, Div. of 
Telephone and Telegrent 
gsland Ra, Cliftor J 
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Le 
Crazing! 


The "Blue Ribbon", resistor with a higher wattage 
rating per unit space requirement. Made by 


ons i TRIVER-HARRIS 46 All OY 


ise is a resistor really new and dif 
ferent the compact Hardwick, 


Hindle “Blue Ribbon,” which stands re and rheostats 


by developing #146, a glass-to-metal sealing Alloy 
This alloy now makes it possible to operate resistors 
at hitherto dangerous overloads, with 
markably high overloads and excessive no risk of breakdowns 


in the enamel coatings 
heat without crazing 


146 Alloy is one of 4 Driver-Harris Alloys which 
Special design features which make cover most glass-to-metal 


sealing needs—available 
this possible are: an aluminum thru 


as rod, wire, strip, sheet foil, and in special shapes 
bar extending through the center of Today the makers of the “Blue Ribbon” use 146 

the elliptical ceramic core, which in Alloy for the terminals in all of their resistors and 
sures a more even distribution of heat to prevent rheostats as well. They 
“hot-spots;” and a thermo-shock-proof enamel coat vance*, and other 


ing which eliminates crazing by Driver-Harris in 


also use Nichrome*, Ad 
gas-free resistance alloys made 


vinding the cores 


Heretofore, crazing, which occurred mostly at What you can learn from this is 


terminal areas, shortened resistor life and limited clear. If you also need a special pur 
the safety factor. To prevent this, an alloy with pose alloy, send us your specifica 


three hard-to-find qualities was needed: (1) It had tions. Our engineers with 48 years 


to have a coefficient of expansion to match all of experience are at your service 
integral parts; (2) it had to be free of gas; (4) it had One of a new line of “H 


to form a perfect bond with the enamel Series high wattage rheostats made 


by Hardwick, Hindle, usin 


A large order, indeed. But Driver-Harris filled it Vist oeStaveis Alan 


Nichrome 


and Nichrome V | Driver-Harris Company HARRISON, NEW JERSEY 


are made 


only by ‘ ys BRANCHES: Chicago, Detroit, Cleveland, Louisville, Los Angeles, San Francisco 


In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 





KINGSLEY Wire Marking 


eliminates costly color coding 


With a Kingsley Machine you can permanently 
mark each wire or piece of plastic tubing with 
its own individual circuit number and reduce 
inventories of color coded wire to a single, les: 


costly, plain color 


For over 12 years the Kingsley wire marking 
process has been saving production time, and 
money for leading aircraft and electrical manu- 
facturers. Over 90° of all wire marking today 
is done on Kingsley Machines using Kingsley 
Type and Kingsley Marking Foil...a 
pletely integrated process 


com- 


Kingsley Wire Marking will speed up produc- 
tion time, simplify your assembly methods and 
reduce your customer service problems. Write 
We will be glad 


to mark samples of your wire or tubing and 


us for complete information 


make recommendations at no cost or obligation 


KINGSLEY iachine’co. 


850 CAHUENGA, HOLLYWOOD 38, Calif. 
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LAMINATED METALS, PRECIOUS and 
BASE (Sheet, Tube and Wire 

Brainin Cc. 8 820 Washington, Mt 
Vernon, N. ¥ 

Genera t Div Metals and Contreis 

t Attleboro, Mass 

Har farma 82 Fulton, New York 
38 , 

Leach & Garner Co 
eboro, Mass 
son Cr The H. A Dept. BKB. 2655 

4. Route nion, N. J 


Industrial Div., At- 


LAMINATED PLASTICS. See Plastics 


LAMINATIONS. MOTOR and 
TRANSFORMER 


I Dept. EM-26, Bu 
ner Steel Ine 
s 7, Ind 


LAMPS, FLUORESCENT 


General Electri Co Nela Park, Cleve 
Ohio 


We y jae ectrie ( Gateway 
Center ¥ : g 401 Liberty Are.. 


LAMPS. INCANDESCENT and 
INFRA-RED 


General Electric Co., Nela Park, Cleveland 
Ohto 
r Electric Corp Gateway 
N 401 Liberty Are... 

Pa 


LAMPS, MERCURY VAPOR 
r Co., Nela Park, Cleveland 


tri Cor OCetewas 
3. 4 Aberty Ave... 


LAMPS. MINIATURE (Pilot and indl- 
cator 


ae Miniature Lamp Works 1500 N 
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Ogde «cr ago 10, I 
tr Ce Nela Park, Cleveland 


ectri Corp Gateway 


3, 401 Liberty Ave 
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AVA. See Ceramics 


LAYOUT FLUID 


Dykem ¢ 2303F, N. 11th 
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LENSES, PRESSED GLASS 


Co Gia rks. Cor « 
Kopp Gla ] BMwisevale, Pa 


LIGHTS, PILOT and INDICATOR 
Alden Products Co., 9125 N. Main, Brock 


opment Cx Dept 
nboldt lose Angeles 


Syracuse 1, N. Y 
60 Btewart Ave Hrook 


Ww Hub 

Nela Park, Cleveland 
4 Secc Are., 
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LOCKNUTS and LOCK WASHERS 
Paste 


LUBRICANTS 
Ele film ¢ 


LUGS and TERMINALS 
4 rafl-Ma e Prod ‘ < . Paz 
Har rg, Pa 
Corp., 65 Harvard Ave, 
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MACHINES. See specif hee ‘ 
Balancing: Coll Wi z Die Ca 
Pyelet Attaching Mlerof M v 
Print Rivet Setting: Screw Driving 
Strippers Wire: Vibrat! Test Also 
see Marking Machines and I 


MAGNETIC AMPLIFIERS 


Bogue Electric Manufacturing Co. 60 lows 
Ave Paterson 3. N. J 

Doelcam Div f Mi eapoll«- Honeywell 
8 ers Field Rd. Boston 35. Masa 

Free I former Co., Ine Welr 
field. Brooklyn (Ridgewood 7, N. Y 

General + tr Co Apparatus Bales 
Div Behenectady "% N Y 

Kearfott Co, I 1378 Main Ave., Clif 


ton, N. J 






C N J 





Marnet Amplifiers I ’ Tinton Ave 
vow Yar = wf 

Polytechnic Research & Tevelonme Ce 
Ir 0? Titarv. Rrooklvn. N 

Wertinghonee Electr Cort Cateway 


Ridge N 3. 401 Liberty Ave 





MAGNETIC BRAKES. See Brakes. Mag 


net 


MAGNETIC MATERIALS See Steel Fle 





rica Mag Permanent: Magnetic 
Recorder ¢ ponents: Powdered Meta 
Products 


MAGNETIC RECORDER COMPONENTS 

Driver Co Wilbur FB 50) Riverside 
Ave. Newark 4. N. I 

Minnesota Mining & Mfe Co Electrical 

lucts Tite on Fauquier Ave 


6. Minr Tape 





MAGNETIZERS and DEMAGNETIZERS 
Radio Frequency Laboratories Ine 
Roonton 9, N. J 


MAGNETS. PERMANENT 


Arnold Engineering Co. Marengo. Ml 
Crucible Steel Co of America. Henry W 





Oliver Bide Pittsburgh 30 Pa 
Indiana Bteel Producta Co Valparaiso 
Ind 
Thomas & Skinner Bteel I 114 EF 28rd 


Indianapolis 7. Ind 


MAGNET WIRE. See Wire Magnet 


MARKING MACHINES and DEVICES 
(For Marking Wire. Foll, Plates, ete.) 


Kingsley Stamning Ma oe ¢ 
Cahuenga Hollywood 3&8, Calif 


MATERIALS HANDLING EQUIPMENT 


Continental-Diamond Fibre 1D of The 
Rudd Co Ine Newark 2. Del 

National \ anized Fibre ¢ Wilming 
mn 99, Del 

Rohbins & Mvyers Tr e & Holst 
Div Springfield 99, OF 

Bpaulding Fibre © I Tonawanda 
N. ¥ 


MERCURY RELAYS Bee Kelas 
MERCURY 


SwitTcHes See Sw hee 


METALLIZING EQUIPMENT 


Me ¢ Engine y 
roe Ave Wee r IL, N Y 
METALS, LAMINATED ee Laminated 
Metals. I s & Base 


READER INOUI i Ck CARDS 


RECEDING BACK COVER 





METALS, PRECIOUS. See Gold; Lam! 
nated Metals; Platinum; Silver 


Investigate The Cost and 


METALS, PRE-PLATED. Seo Pre Plated 
Metals 


METALS, RARE 


Fanstee] Metallurgical Corp Nerth Chi 
iy You Can Get 
Mallory & Co., In i R Indianapolis 


METAL STAMPING TOOLS 









































Numbera Btamp & Tool Ce Huguenet 
Park, Staten Island 12, N. Y¥ 
METERS See Instrumente 
















MICA GLASS.BONDED Bee Glau 
onde Mica 














MICA, MOLDED and LAMINATED 
(Sheets Plate Tape, Tubes Rings 
Segments Washers, ete.) 


Continental-Diamond Fibre Div, of The 


















































Budd ¢ I Newark 3. Del 
Gene tlectric Co Chemical Div., 1 
P Ave Pittsfield, Mass 
Insule Manufacturers Corp., 565 W 
Washington Blvd Chicago 6, Ill 
Macallen Co, Bay Rd, Newmarket, N. H 
Mica Insulator ¢ Schenectady 1, N. Y 
vew England Mica Ce In 66 Woerd 
Ave Waltham 54, Mass 























MICA UNDERCUTTERS 
Ideal Industries, In 1008 Park Ave 












































“PRODUCTS. See Coramica, Mice, Plas With @ees 
SYVILRON 
SELENIUM RECTIFIERS 


Here are ‘Dry Plate” Rectifiers that you can 








MOLDING MACHINES, PLASTIC 

Kaker Brothers, Inc 1020 Post, Tolede 
0, Onle 

Kuz Machine Co 6725 N. Ridge Bivd 
Chicago 26, Tl 




















MOLYBDENUM—Sheet and Wire 
Bee also Contacts 





































































































Fanstee] Metallurgical Corp., North Chi 
ago, I count on for low cost, efficient results. You get 
Mallory & Co In P. RK. Indianapolis . 
6. Ind the same uniform, high quality with each cell 
because they're manufactured by pertected, 
MOTOR BASES ADJUSTABLE vacuum process Widest range of cell sizes 
Alll v er Mil u 1 wi 
sleteocimmal bed » to choose fron Fungus and salt spray resist 
amt finishes available 














MOTOR CONTROLS and STARTERS 


Bee Controllers, Motor Push Buttoo 
Mtations 




















Other Cost-Reducing Equipme nt 





























ELECTRIC VIBRATORS 


For a tree w of bulk materials 


MOTORS and GENERATORS. Kee Motors 
Table on page 345 


























through bins, hoppers or chutes 












































MOUNTINGS, RUBBER and ‘ e—low t operation 
SYNTHETIC Positive—lo dled 

Barry Controls, Ine TO4 Pleasant, Water 
town 72, Mass 

Genera Tire & Rubber Co, Industrial 
Pro Div Wabash, Ind 








Jonne Manville Corp Dutch Brand, Div 
7800 Woodlew Ave Chicage 19. Il 

Lord Manufacturing Oo Erie, Pa 

U. 8 Rubber Ce Rockefeller Center, New 
York 20 N Y 












































VIBRATORY FEEDERS 





























Feed bulk materials at controlled 
MOVEMENTS, CLOCK and TIMING sated Nee 2 hos coends te te 
Haydor ( 4 Ww 234 Nort! Ela f 
Waterbury 20, Co : dreds of tons per hour. teed 
Haydon Mfg. Co., | 2529 Elm, Tor 





t luge s or tine »weader 
rington. Conr avy lumps or ep 3 



















dry or damp 








NAME and INSTRUCTION PLATES 


O & H Bupply Co., Metal-Cal 415 EK 
Keach Ave. Inglewood 8, Calif 








Write today for complete catalogue data—Free 
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COMPLETE 
LINE 


Our new catalog of Standard Threaded 
Products lists 4000 items car- 
ried in stock to be shipped out to 
you within 24 hours—often sooner! 


over 


FOR ANY PURPOSE 
A] 
4 


Bi te, HATO 


IN ANY SIZE 


® AP) ifs 


+s. from a package 


to a carload 


Our maintaining such large 
stocks of all 4000 items means lower costs to 
you because no large inventories are needed, 
service is faster. Our better methods of manu- 
facture produce a higher quality product. 
Good reasons why so many industrial users in 
the last 83 years have come to specify “Chicago” 
Screws 

Service-Conscious Industrial Supply Dis- 
tributors EVERYWHERE carry complete 
stocks of “Chicago’’ Products. To speed de- 
livery time, call the one nearest you. 


ete Velo) 
pia td Bas) ie 


a ’ 
PRIM 


ay 


ket Set Screws 


The complete Chicago "Safety Plu ncludes y steel: S 
Socket Head Cap Screws @ § 
. chet Pipe 198 @ Fiat Head S 


Kits @ Also Socket Set Screws and § 


chet Strig t Sauare Head Dog Point Set Screws 


het Cay rews Dowel Pins @ Hexag Keys and Key 
het Mead Cap S ws in Stainiess 
The complete 


in stee b 


‘Chicago" line of Standard Products in 
yht and Grade 5 


) Head Cap Screws 
iess @ Square Head and 
vd F ster Head 


ides: Hexag 


heat treated. als t 3 stai 
Headless Set Screws © Taper Pins © Stee! Studs @ F 


@ Nexagon Nuts 


ass af 


ata Cap Screws 


Slee 


nm stee!, brass and sta ess © Castie Nuts, stee! 


MOTORS _ 


Miniature Timing Motors, Geared 
Subfractional, Unde: 1/20 Hp 


Fractional, 1/20, % Hp 


Integral, 1 to , Hp 


Integral, Over 


Hp 
Gearmotors 
Generators 


Low Voltages (Under 110) 
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NON-MAGNETIC IRON and STEEL 
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Furnas Electric again leads the field. Now magnetic motor 
controls are available with Dual Seal coils. Dual Seal 
coils mean longer control life. Why? Because Dual Seal 
molded coils are moisture and fungus resistant, elimi- 
mating the most common cause for coil failure. These 
homogeneous molded coils are dimensionally stable, age 
resistant, will not support combustion and have high di- 
electric strength. Mechanical properties of Dual Seal coils 
eliminate damage due to vibration or impact and are im- 
pervious to damage by screwdrivers and other hand 
ope rated tools 


Only Furnas magnetic controls are equipped with Dual 
Seal coils. Before you buy, investigate the many advan- 
tages of these controls. Then specify Furnas Electric. 


MOISTURE AND FUNGUS RESISTANT 
EXCELLENT HEAT DISSIPATION 
DIMENSIONALLY STABLE 
MECHANICALLY STRONGER 
NON-COMBUSTIBLE 


\ 


} | 


Te ‘ 3 1d . 


HIGH VOLTAGE LOW VOLTAGE 


Furnas Electric magnetic controls with exclusive Dual 
Seal dual voltage coils are matched for use with your dual 
voltage motors. Coil changing is now virtually eliminated 
and stocking of coils and starters simplified. For example, 
on 3, 714 and 10 horsepower starters, one 220-440 volt 
Furnas Electric coil is used where six are normally re- 
quired. Simple, on-the-job, reconnection of coil leads 
change high to low or low to high voltage as required 


FURNAS ELECTRIC COMPANY 


BATAVIA, ILLINOIS 


SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 





let 
Stalwart 


show 
you 
how 


ILICONE 
RUBBER 


can cut fabrication costs 


Industry across-the-board is solving 
with Silt 


brom acce 


and cutting cost 
cone Rubber Part 


problem: 
door 
eals on research rocket planes prob 
to gaskets for 
oven doors the are 


me the heat barrier 
kuchen ranipe 
providing the answer. Time and again 
Rubber Parts are replacing 
costly metal constructions forced upon 
limiuted ther 
mal stability of organic rubber: 


thcone 


design ecnpgineers by the 


Because new compounds now retain 
desirable rubber-like 


temperature 


properties at 
140 l to 
600 FT they play ever-increasing 


from 
roles in the aviation sutomotive, cles 


trical and chemical industri 


i | ALW ARI i equipped to produce 
precision parts from a iriety of Sali 
cone Stocks to meet individual, S.A.I 
MIL-G or MIL-R 


pecifiication 


Parts made trom Silicone have excel 


lent dielectric properts« and resist 


compression set weathering, ozone 


oxidation, hot lubricating oils and 
many chemicals, They can be covered 
with (or bonded to) a number of syn 
thetic or other materials to provide 
greater strength or wearing qualities 


let STALWARI 


con Rubber can cat your fabrication 


show ou how Sih 


RUBBER COMPANY 


MANUFACTURING PLANTS IN BEDFORD. OHIO AND JASPER, GEORGIA 
MAIN OFFICES 197 NORTHFIELD ROAD, BEOFORD, OHIO 
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PACKAGING Mee Hotes and Crates 
Containers, Packaging and Bhipping 


PACKINGS. Bee Gaskets 


PHOTOELECTRIC CONTROLS 
Painte | a 2 Conr 
pparatus Bales 
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Ave Chi 


PAINTS Hee Lacquers. Enamels 


end Varer 


PALLADIUM See Pistinum arf 
m Products 


(jateway 
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Clark Gontroller Co 1146 FE 152nd 
Cleveland 0 

Cutler-Ha ‘ j —_ 
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Apparatua§ Sales 


N Y¥ 


960 Plum, Tre ead «ne 


PINS. SEAMLESS 


Richards, Mi 


( 400 Sour 
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PERMANENT MAGNETS. Bee Magnets 


PHOSPHOR BRONZE 
Rod, Sheet Tubing Wire 
ap PLASTICS MOLDING. LAMINATING 
CASTING and EXTRUSION 
COMPOUNDS 


PHOTOELECTRIC CELLS and TUBES 


Bradley stor 168 





r ee ee 
ee ee 


Silicone Hesins 
Siyrenes 
e Forma 
vinyl Aceta 
nyl Aico 
i Chi i 
Chior PLUGS and RECEPTACLES 
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Second Ave 


Cinch Mfg. Corp la 


\ —_ ie 
oo “A NZ 
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12 Barclay 


Lockefelle ‘ 


PLUGS. EXPANSION 


Your best buy 
for power supply 


POSTS BINDING RO " AL 
Read ¢ i Ce ry 


Hr 


ght Washer Mfg. Co 
M ilwaukes Wis 


PNEUMATIC MOTORS. See 


Conn 


POTENTIOMETERS ‘ Kheoatats 

Allen-Bradley (Cc 181 Second, Mil 

waukee 4. Wiha 

Bourne rat 


Laboratories, 6185 Magnolia Ave 
Riverside f 
PLASTICS, SHEETS. RODS TU eC tat Co Ir Dover, N. H . 
Aircraft-Mar _ ‘" — ose Nomen 4 W, Mt. Pleasant Ave Automatic washers are just one of scores 
100 Paxto ' r 2s (Di. Livi ‘ j 
¢ DeJur 


wthern Blvd of different type pr ducts equipped with 


Royal Cord Assemblie 


Wherever power must be conducted 
efficiently and economically it pays to use 
quality engineered Royal Cord Assemblies 


Even under the toughest conditions, Royal 
POTS and LADLES, MELTING 


General Electr ‘ Appara 


Cords assure maximum operating efficiency 
longer on-the job service 
Fen onney aor _PRoout 1S ‘ Specify Royal the next time you need 
D 1. Bie ee cord assemblies. As basic producers of flex 
ible lamp ar d service cords, Royal mar 
tains a wide selection of stock and special 
molds for form ng a variety of caps, connec 
tors and strain reliefs in rubber, neoprene 
vinyl and polystyrene Royal Cords can be 
furnished with standard attachments or can 
be custom-made to meet your own special 


PLATINUM and PLATINUM PROD 


requirement Write today for complete 
POWDERS, METAL 
ucTs p 


detail 


) 
Ask for your copy of the x ‘ / 
ROYAL CORD CATALOG fe £ = / 
/ / 


Contains complete data 


POWER SUPPLY UNITS on Royal Stock Molds for he ~~ 


C aps, Connectors and 


—., 
Strain Reliefs ae / 


ROYAL ELECTRIC COMPANY, INC 
PLIERS and CUTTERS, WIRE 


liers F td ton 3! 
« t ‘ Pawtucket * Rhode Island 
Kile & Bons, Mathias 20 Mc(Cor ‘ ur rt } i 
1 Chicege 45, Til 
PLUGS and JACKS, COMMUNICATION aa | WIRE © BLE ) 


Bleetrocraft D 


Cor A 
47 N. Redz 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





Heyco Nylon Strain Relief 
Bushings eliminate wire 
knots and grommets and 
insulate wire from housing. 


There isa Heyco size and type for all size wires. In 
addition to their full approval by both Underwriters’ 
Laboratories and Canadian Standards Association, 
Heycos increase product life and enhance product 
appearance. If you are not already using cost-reduc ing 
Heycos send for test samples to fit your wires, today. 


1-Slip over wire 
2-Snap into hole 


f 


Approved 


att Sap, 
oo 


SF “e, 


UL) om 


FOR DOUBLE PROTECTION 
USE APPROVED HEYCO 
STRAIN RELIEF BUSHINGS 


HEYMAN MANUFACTURING COMPANY 


KENILWORTH 1 NEW JERSEY 


Te am 
samples and specifications. 


Send wire 


PRE-PLATED 
Brass, Copper 
Strip 

American Nicke ‘ Peru 8, Ill 

Apollo Metal Works 
Ave.. Chicago 38 

Southern States Iron 
40% 9 


METALS 
Stee!, Zine 


Aluminum 
Sheet and 


Roofing Co 
Bavannah, Ge 


PRESSES. MOLDING See Molding Me 


PRINT MACHINES 
Kr . Montrose Ave 


Aniline & Film 
son City, N. Y¥ 


Wis 
I 


Korg Warner Corp 
Bedford One 
Ine Pump Dt 


PUSH BUTTON STATIONS 


68 Mecond Mt 


Milwaukee 1, Wis 
t ' s Cort 1033 W 


a, 
Bt. Paul Ave 


ratus Bales 
Honeywell 
ISlet, Cleve 
Kostner Ave 
rds, Milweu 
8Ut Soutl 


Gateway 
Ave 


Chesteriand 14 


Conn 
yew Hyde Park 


Db W eater: 
614 Fre 
J 
Maddie 
rk Post 


Colmar 
REACTORS 


RECORDER 
i¢ 


COMPONENTS MAGNET 


RECORDERS 
1 


COMPUTER 


HECORDERS GRAPHIC 


HECORDERS OSCILLOGRAPHIC 


Maree 
Maas 


RECTIFIERS SEMICONDUCTOR 


Machine Works, 11A 8 
ago 6. Il Selenium 
leetronie Corp Melrose 76 

icon) 
gnal Div 


I 


Weating 
teburgh 18 


art (jaleway 
berty Ave 


RECTIFIERS, TUBE TYPE 


REGULATORS SPEED Mee 


Cont 


MOTOR 
Motor 


REGULATORS TEMPERATURE 
There 


tale 


REGULATORS VOLTAGE 


f 
ra 


Rur tor 
Curties-Wrig 


Genera le 


RELAYS and CONTACTORS 
las Stor 


ewark 


AEMCO. Tr 
Allen-Bradle 


Mercury 
iment Div 
4 
) Div. of 
egraph 
N. J 





Ww MARCO 


TYPE Y5 


SHADED POLE 


1/25 h. p. 
en Va h. p. 


Ye Higher Efficiency 
Me Cae) ay 
mr 
ns 

1, 2, or 3 speeds 


This new, large diameter 
(512°), more powerful 
motor has all the features 
of the famous Marco Motors used in hundreds of thousands of air conditioning 


units in fans, blowers and furnaces. 


Power up to 4 h.p. can be supplied — or — for compact designs this motor is 


supplied in new “pancake” design as short as 2!) inches in 1/ 15th horsepower. 


This new Marco Motor is double impregnated with heat reactive insulating 
varnish which provides outstanding moisture resistance. The stator is insulated 


with high temperature Mylar for longer life during adverse operating conditions. 


The standard bearing design is used because of the outstanding performance of 


Marco bearings in the field. 


Marco Engineering saves you production time 


ASSUTES high quality performance. 


Write today! 
CO INDUSTRIES, Inc. 


788 Terrace Boulevard a Depew, New York 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


- ‘ 


\ 
sae! Eth | 
7. 


ROOM AND CENTRAL 
AIR CONDITIONERS 


FURNACES 


De BLOWERS 


, 


| 


1 / Paid WINDOW 
ll) 
4 a y* 


FANS 
4 : “ 


Quality Motors 
“tailored” to your 
product at 


ready-made prices 





aes act ai 8! 


a 


ag eee teat ent tote eg 


y 


Po) hn 


Wee Sa neda ae 


PELE RECECa’ 


IREee eo bts 


PCL CL a Pe U asa ahs 
Reem Came cln BL ae a De 


rue PROGRESSIVE 


| MANUFACTURING COMPANY 
44 NORWOOD ST., TORRINGTON, CONN. 


Ther 
— 

ne Bub 
ndry Oo 


‘orp., Logane 


Signel Engis 
Hranchport Long 
Square D ( 041 N 
kee 


Mig. Co 278 
Branch N. 2 

Kichards, Milwau 

. 

gineering Co., Ine Div. of 

Machine & Foundry Ce., 54 

M Laconia, N. H 

Union Switch & Signal Div., Westinghouse 
Air Brake Co teburgh 18 Pa 

Ward leonard FE ri Co 600 South 
Mour erTnor .~ - 

Weeat t e Flectrico Cort Gateway 


r, Bide 401 Liberty Ave 


ster ‘“ 


Americar 


N 2 


netrument Corr 
Newark 5 N 
52 W. Waltor 


REMOTE 
“tations 


CONTROLS. See Push But 
Kelays and 


Lon 
Oontactors 
Pressure & Tempers 


RESINS INSULATING 


Comt 1s and Resins 


RESISTANCE ALLOYS 


Driver (x wilt Riverside 
Ave ewark 4 
Driver. Harris N J 


RESISTANCE HEATING 
Heating Flements and 


UNITS 
Wnits 


RESISTANCE LINE CORDS 


General Flectri Co Conatructior 
riale Div Bridgeport 


Mate 
Cenn 


HESISTANCE 
ance 


WIRE. See Wire, Heol 


RESISTORS, INSTRUMENT and RADIO 


ger x Cory New Bedford 
Allen-Bradley Oo igié 5 
waukee 4. Wis 

Amperite (x I 6 Broadway 
York , y Khulb Type) 
rborur t Globar Div 
Falls 

Centralia D f 


BE. Keefe Ave 


Mass 
Second, Mi 


New 
Niagare 


Giobe- Unioa Ine 

, Milwaukee 1, Wis 

slat Mfg. Co ine Dover, N. H 

Corning Glas Works, Corning, N Y 

Cutler-Hammer, Ir 1264 Bt. Paul Ave 
Milwaukee 1, W 

Dale Products I 306 


Clear 


28th Ave., Colum 

ebra 

ta Ww Mt 

geion 
Prect ») Restetor Co., 675 Bar 

Brook fF 

Hesletor Electronics Div 


Pleasant Ave., 


Erie 


40 Hermon, New 


K Indianapolis 


oward 


Skokie 
Tube Div., Har 


12 B& 18 


Marshal!, North 


Richards, Milwau 
Bt. Marys, Pa 
© Park, St. Paul 1, Minn. 
' Div. of Model Engi 
& Mie Ine 2800 N. Milwau 
Chicago 1 Ml 
Inatr ent Co 8200 
Ohto 
Oo 600 Bouth 
Y 


Perkins 


trument Oorp., 614 
ewark 5. N. J 


RESISTORS, POWER CIRCUIT 


116 8. Becond, Mil 
Globar Div Niegare 
1264 ®t. Paul Ave 

1906 28h Ave 
Mt Pleasant Ave 

Electronics Div 


paratus Sales 


Y 


Hermon, New 


Kn Indianapolis 
Howard 


Bkokte 


Marsha Nortl 


0 Products, Div. of Model Bangi 
eering & Mfg. Co., I 2800 N MA . 
waukee Ave Chicago 18 Ii 

Nard Leonard Electric Co 600 South 


M t ernor y 


RESOLVERS see §6Servomechanisme 


KHEOSTATS 
radley © 
‘4, Whe 


Cc In 561 


INSTRUMENT and RADIO 


1316 8. Second, Mi- 


Broadway, New 
a tulb Type) 
Mfg. Co In Dover, N. H 
ner, Ine., 1264 St. Paul Ave., 
ikee Wis 
o Cort 45-01 Northern Bivd., 
city 1 N Y 
e, Ime 40 Hermon, New 


Pr. 2 Indianapolis 


3618 Howard, Shokje, 


-. ¥ 
Park Pi, 


Baliwir 
Herman H 27 

Y 
Div. of Model Engi 
2800 N. Milwee- 


‘ $00 South, 


POWER CIRCUIT 


KHEOSTATS 
i 116 8. Second, Mil 

Ine Dover .. H 
264 St. Paul Ave., 


Northern Bivd., 
Y 
Apparatus 


40 Hermor 


Beles 
New 
Controller Co., 
Chicago 26, Til 
3613 Howard, 


To7° 
Bkokie 


Raldwi a. 
Div. of Model 
2200 N 
8 Tl! 


Co 60e 


Eng! 
Milwae 


Bouth 


Corp Gateway 
401 lAberty Ave 


RINGS, COLLECTOR 


Cor ‘ 
wk, N. J 
k lings and Supp Co In 
Div Attleboro (Preciews 


Romanelli Bouth 


ta 
ere Plate Div 
r 41 Forest 
Metal 
Metallizing Cort 
ha Ave Yonkers 3 N 
Makepeace (. D. B. Div 
Wire Ce Attleboro 
uM 3 Elim 


Metals & 
Attleboro 


Centrols 

Mase 
Precious 

Graphite 1959 Nepper 
Y 

of Tinton Pilate 
Mase 
Hartferd | 


Products Co.. 1160 W 
25 Onte 


72 Fairfield Ave 


tronentsa Div Midwen 

%., Gurnee, TH 

A Dem. 6B 
Tinton. N. J 


1656 


RINGS, RETAINER and SNAP 


Associate ge Corr 

Garrett ¢ 
M4. Pa 

National Lock Washer Co 40 
Newark 5 N J 

Radio Frequete 
on 8, N. J 
8. Gasket Co., Camden 1, N. J 

Waldes K oor, Ir 47-16 Austel Pi., 
long Isla Oty N. ¥ 


Bristol, Cone 
I George K Philadelphia 


Hermea 


y Laboratories, Inc., Boos 


RIVETS eo Fasteners 


RIVET SETTING 


QGhicago Rivet & 
Jackson Blvd 
Milfor 


Conn 


MACHINES 
Machine Co., 
Bellwood, Ml 
Rivet & Machine Oo, 


608 W 
Milferd 


ROLLER 
« | e 


BEARINGS. See Beariogs, Ball 


RUBBER end RUBBER PROODVUOTS 
Products, Div. Western 
021-4189 W. Ogdee Are 
Silicone) 
Div., Raybestos-Manhet 


Acadia Syntheu 
Felt Works 


‘ ago 23 
Text! 
a I Manheim, Pa 


‘4 
ni Il 
e 


Asbestos 
bur Manufacturing Co., 806 
4 Conr 
Rawhide Mfg Co 
Chicago 223 rh 

orning Cort 

loome 

Co. Ine 15 
. 
Packing Co 


Black 
1301 
West Gilet New 


Palmyra, N.Y 





Pushed for Greater Drafting Room Output ? 


Modern de sachcheheie Machines Will Help You Get It! 
: i ap gait 


Is the Time to Get Your New, Modern 


BRUNING COPYFLEX MACHINE! 


The boom in produc tion means more pre ire than 


ever for engineering drawings and print Right 


is the time to replace that old | 


Inadequate 


reproduc tion mae hine you ve been pulling up with 
now’s the time to get a modern, efficient 


Bruning ¢ opytlex 


In just the last ear, Brun 


five new, advanced machine mode 


hown at the right. These machine 
the famou problem re tallation and 
of | opy tl als 


ofr wuxiliary CQuiprrie 
than an electrical connection 
reprod ction pet | ind a host o 
convenience uch as fast return ¢ 
jutomatic separation Iront or re 
The y are the efhcient, economn 

reproduction machines that wail ; : 4 . : 
your drafting room output, keep cost I » 


Now is the time to act. Mail the 


Copyfiex Model 500 
Vil be glad you did! 


new ultra-fast, he 
achine offe 


avy -v 
2p meche 
iviomatic separa 


nt or rear deliver sufoma 


' and a host of ot 
ING Charles Bruning Company, tnc., Dept. 13-1 
4700 Montrose Ave., Chicago 41, Illinois 
“Ve ‘ ‘ j ' ‘ | { ‘ 
Best Process! Best Machines! 4 8 
Best Selection of Materials! Mw) : 


Name 
Specialists in Copying Since 1897 


Company 


Address 


CHARLES BRUNING COMPANY, INC. 4700 Montrose Ave 


In Canada: Charles Bruning Company (Cana 


, Chicago 41, Illinois 


Ja) Ltd., 105 Church St., Tor to 1, Ont 


City 


READER INQUII 





NYT OEE A aa ae me hiTe} 
practical imagination 
can improve your product... 
lower production costs! 


Johns-Manville 
DUTCH BRAND 
P R O»pbuoc¢cgtT $s 
7800 WOODLAWN AVENUE «+ CHICAGO 19, ILL 


JANUARY 1956 ELECTRICAL MANUFACTURING 
















eagle chag Rie 





General Electri Co Chemical Div i oO Ma ( J Ra 































Plastics Ave., Pittsfeld, Mass W 
General Tire & Rubber Co Industria) s¢ Cor, f America, New Hyde Park 
Products Div., Wabash, Ind N. Y¥ 
Goshen Rubber Co., I P. O. Box 517 ‘ ape ( I f Electro-D 
Goshen Ind In iG \ Paterso 
eohns-Manville Cort Dutch Brand Div 
800 Woodlawn Ave Chicago 19, Il 
Lord Manufacturing Co Erie, Pa 
"1. f turir ‘ t 
wpeo a oe _ ' Ce Rubber Prod SHAFTS. FLEXIBLE 
Roth Rubber Co., 1856 8. 54th, Chieage | S. Gasket Camder N. 4 
ti I 
Seamless Rubber Co., New Haven 3, Cena 
Stalwart Rubber Co 17 Northfield Rd 
Bedford, Ohio (8 ne SHEAVES. See Drives, Belt 
t 8 Rubber Co RockefeHer Center 
New York 20 Y 





SHEET METAL FABRICATORS 
N. Ma! 












SAWS, COMMUTATOR. See Commutator 64, Ma Ww 
Cox ( H. } 601 Ottawa Ave Vv 
Sawe & Slotters 














Dept. EM 

Anoka { rminal and Pull Box 

SCRAPER RINGS. See Rings, Retainer 41, Tool & Die ¢ I Lis s 
& Snag th Newark 7, N. J 














} Kirk & Blum Manufacturi 
SCREW DRIVERS, PORTABLE. See Forrer. Cincinnati 9. Ohio 


Pools Portable 








SCREW 





DRIVING MACHINES 









Detroit Power Screwdriver Co., 2817 W SHEETS. ELECTRICAL. See Stee! 
For Detrolit a Mich trical 
Ingers Rand Phillipsburg, N. J 






SIGNAL DEVICES 






















SCREW MACHINE PRODUCTS. See alee (roijce 11 Co 
I Plastics Pyle-Nat ‘ 1888 N KO e 
A n Co f America, 2090-B Alcos Chicas 1 mm 
Bldg. Pittsburgh 19, Pa Signal | eering & Mig. So. * 
Chase Brass & Copper Co., Waterbury 20 Branchport Ave., Long Branch, N. ¢ 
Cons 








Genera Findings and Supply Co In 

lustrial Div Attleboro, Mass. (Precious 

Metal and Preeision Parts SIGNAL LIGHT ASSEMBLIES oT 
Milfor Rivet & Machine Co Miiferd Lights. 1 a I ator 








E 





1Slet, Cleve 





DIODES 





SILICON 





SCREWS 





Ree 






SEALING COMPOUNDS. See Cements Middletown, ¢ 
Insulating & Bea ‘ Wares & Com ( Dia Fibre ¢ Newark 
unde De 
















oO 
SEALS and TERMINALS, HERMETIC 9 {)rinnell on © Pa N.Y 
Advanced Vacuu Products, Inc Div. General Electric ¢ ‘ I 
General Ceramics Cort & Liberty Plastics Ave Pittefi Ma 
Stamfor Conn I at Manufact Cor ¢ Ww 
America Lava Corp Chattanooga 65 Wa B ‘ ago ¢ 














& Go, LL. L., Route 46, Lodi r Te 











Industries Div of Ampere f ! 
Flectror Cory 44 Bummer Ave Taylor Fibre Ce Nort “ Pa 








Fernview Are Cis 







General Cerar Cort Keasbey N j SILVER and SILVER 
a ra Electri ( Apparatus Bales Contacte & Contact 
N. ¥ Bust ¢ Brazing Alloys, Silver 


ALLOYS. Bee alee 


Points. For Solder 


(jleas 





+ Positive Winding 
ew +e pear poe — Handy & ene 8? Fulton New York sie Negative Downtime 
Garlock Packing Co, Palmyra, N.Y J Attleborn, Mase 9 é with ESSEX Extra Test® 













w = 471 Elm. Hartford 1 MAGNET WIRE 
SEALS, OIL and GREASE wt" : ; 
Chicag Rawhide Mfg ¢ k R "4 , ' » J 
Ave Chicag ? I , ‘ . 
Garlock Packing ( Pa mm B.. Yt 






Gits Brow Mfg. ( 840 & Kilbourne 4 F | le 


SLEEVE REARINGS See Hearing «6 
R 











SATURATED See Tubing & 


SLEEVING | 
‘ Hraided Febrte olte if 


SELENIUM RECTIFIERS. See Rectifiers 


s ctor 






SLEEVING and TAPE ASBESTOS 


SEMICONDUCTOR | PRODUCTS. ee lx ‘ing Co. Palmyra r EXTRA ES 















acturers Cort 56 
_ oe aa ents She ne ESSEX, MAGNET WIRE 
Mig Eo , MA 
Y 
it estos-Manhatta I Asbestos Tez 
SERVOMECHANISMS (Controls, Syn I Ma - Pe DIVISION ESSEX WIRE CORPORATION 
chres, ete.) Also see M ré = Fort Wayne 6, indiana 
at Co Waterbury 20, Conn 
‘ a sion Products Co., It Cif- SLIDE ASSEMBLIES MANUFACTURING PLANTS — Birmingham, Alabama, Anaheim 
ton ees i — Ka to J _ Laborator os, | Hoot California; Fort Wayne, Indiana; Detroit, Michigan 
a The ef Manufacturing Co., Bome , . SALES OFFICES AND WAREHOUSES 
ville, N. J ; 
Doeicam, Div. of Minneapolis-Honeywel "At ta, Ga Bir wv ' ex0a Hart uk, NJ P d 







Soldiers Field Rd., Boston 34. Mass r yham, A t f Hous! Or W ester, NY 
Ford Instrument Co 41-10 Thompsor SLIDE RULES, CALCULATING to Moa *¢ 990 Texoa { ipo ' M ” 

Ave Long Island City, N Y Keuffel ¢ sser Co oke N c eland, Ohi 4 cit ahi 
Out “slemtetea 7 isse’ N Knox K & F “ Hobeker i | ev + x y,M > “s f D 

Ave., Chicago 41, I Dallas, Texa Jay? Angele ; Upper Darby (f ide 
Kearfott Co., Inc., 1378 Main Ave., Clif Ohio; Detroit, Mick Memp! Ve M phia), Pe Ade 

ton, N. J SLIP RINGS. Bee Rings, Collector Fort Wayne, Ind.; Fort waukee, Wisc.; “New Seattle, Wast ' 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


SLOT INSULATION. See Fabric, Insulat Guardian Electric, 1627-N W Walnut 
ing; Mica, Paper, Insulating; Tubing @ ‘ ago iz, Iii 
Sieeving, Braided Fabric Leach HKelay Div., Leach Corp., 5015 Ava 
n Bivd., Los Angeles 3, Calif 
Leland, Inc., G. H., i283 Weoster, Dayton 
Unio 
SLOTTERS, MICA. Bee Commutator Baws National Acme Co., 176 E. 18let, Cleve 
a Slotters nd & ° 
ps Control Corp Sub. of Thor 
1° W Washington, Joliet, 
t D Eesex Wire Corp., Logans 
SOCKET SCREW KEYS anda Ind 
WRENCHES ng Producta Corp., 9551 BSoreng Ave 
M r ( She Schiller Park, Ml ; 
Hartf io" = Trombetta Solenoid Corp., 329 N. Mil 
B » a V erb waukee, Milwaukee Zz Wis . 
t aaaed Pre os Bteat a san , West Coast Electrical Mfg. Corp 233 W 
’ . ae oo - 6th P Lae ngeles, Calif 
W inghouse Electric Corp Gateway 
Center, Bldg. N 8, 401 Liberty Ave 
Pittsburgh 22 ra 
SOCKETS and ADAPTERS, RADIO. Ber 
Piugs & Keceptacies 


SOLVENTS, EMBEDDING COMPOUNDS 


Mona Industries, Inc., Paterson 4, N. J 

SOCKETS and RECEPTACLES, LAMP 

Automatic Electric Sales Corp., 1038 W 
Van Kuren, Chicago 7, Ill 


alight Corp., 42-60 Stewart Ave., Brook 
y 5 N Y 


SPEED INDICATORS. See Tachometers 


© Manufacturing Co., 1711 W. Hub 
1, Chicago 22, Ill 
General Electric Co Construction Mate. SPEED REDUCERS and DRIVES 
ria Di Bridgeport 2, Conn For Motorized Units, See Motors 


Manufacturing Co. Henry W. Oliver 4ij\s-Chalmers, Milwaukee 1, Wis 
lg Pittsburgh 22, Pe 7 : 


Bowmar Inetrument Corp 2415 Penn 

( et Ce 

sasket Co, Camden 1, N. J syivania Ave., Ft. Wayne, Ind 
Centu Electric Co., 1806 Pine, Bt. Louls 

i, Mo 
ry Cone-Drive Gears Div Michigan Tool 
SOCKETS, FLUORESCENT. See Fluores ‘“o. 71 n 
W hen hazardous conditions demand explosion-proof ¢ lectrical ‘ Lamp Ausziliaries o 7 1 B. MeNichola Rd., Detroit 12 
equipment, be sure to include Signal’s Explosion-proof, Contact- Eaton Mfg. Co., Dynamatie Div., Ken 
osha, Wis 

less Vibrating Bell. Ferguson Machine & Tool Co., Inc., Roller 

SOCKETS, VACUUM TUBE G Div., P.O. Box 191, Bt. Louts 21 

American Phenolic Corp 1680 8 64 o Mo ca os a , Seles 

. . ” gio Ave Chicago 50, Iil enera ectric o pparatus 

all mechanical parts are fully protected against atmospheric corrosion ivenik ‘Geen’ ak ‘damatee. | 050: Caitin ae is Semaine é N c 

3 Lifton eeves Pulley Ce Columbus, inc 

The Signal Explosion-proof Bell, built by the originators of Underdome Clif tos N. 4 , ; ; 

t I | ¥ 


S Gasket Oo. Camden 1, N. J 
Bells, has been proved in service and is listed by Underwriters’ Labora. 
tories, Inc. for the following 


All current-carrying elements are enclosed in a rugged housing and 


SPRINGS, COIL and FLAT 
SOCKET SCREWS. See Fasteners American Steel & Wire Div.. U. 8. Steel 
Class 1, Groups B, C and D Class Il, Groups F and G, ; Corp. Rockefeller Bldg., Cleveland 13 
Onto 
Associated Spring Corp Bristol, Conn 
SIGNALS SOLDERING COMPOUNDS Barnes Co., Wallace, Div. Associated 
Fluxes, Paste, Liquid, Salts, ete.) Spring Corp., Bristol, Conn 
Barnes-Gibson- Raymond Div Associated 
Write 


! ass pper Co., Waterbury 26 Spring Corp 40300 Plymouth Rd 
SIGNAL | ate 
for } “ ‘ 


Magnet Wire Diy Dudek & Bock Spring Mfg. Co., 4016 W 
Bulletin ENGINEERING & MFG. CO wayne Ind Grand Ave., Chicago 12, Ml 
ee /| 1EW JES : = . o aad hemical Div 1 Dunbar Bros. Cx Div. Associated Spring 
EPI-2 Pittsfield, Mase Corp., Bristol, Conn 
Garrett Coe., Inc., George K., Philedelphis 
M, Pa 


82 Fulton, New York 


Co, 4209 Wrightwood Ave. Gibson Co., William D.. Div. Associated 


THEFAMOUS BENDER (soeifons 2 be genes 
5 ‘ Gibson Electric Co., 8349 Frankstown Ave 
“ ‘ o roadway. New Pitteburgh 21 


2 Pa 
s ’ : Instrument Specialties Cy Ine 244 
Bergen Blvd Little Falls, N i 
(Beryllium, Copper) 
Lewis Spring & Mfg. Co., 2646 W. North 
SOLDERING EQUIPMENT Ave., Chicago 47, Til 
trons, Machines, ete.) Ohio Div Assoctated 1712 


Spring Corp 
tri Ce Apparatus Sales E. let, Dayton, Ohio 


SS TT — | ‘ ‘ fe © div ‘ prin 
Produces Without Special —D henectady 6 N y Raymond Mf¢ o., Di Associated Boring 


ine 1008 Park Ave Carp., Corry, Pa 


Tooling — Saves Die Costs 
Saves on Expensive Presses 


Danvers 2, Mase 
STAINLESS STEEL. See Steel. Commer 


jal Forms & Grades 
The illuctration at the left shows a tew Sol DER ESS CONNECTORS. Bee Con 


M Wire & Cable 
ce c sd on our famous Multi 
pieces produced on ou a : , epeeeenen emees 
form Bender-Cutter is efficien Alden Products Co., 9125 N. Main, Brock 
machine is useful in all lines of trade. | SOLDER PRE.FORMS. Also see Brazing ton 64, Mass 
Alloys. Silver Alumi 1 Goods Manufacturing C j 
Spring Plants, Radio and Electrical , . ih iia lee miner s Manufacturing Co, Mar 
Equipment Mfrs. Complete with tool t J Auburn nufacturing Co., 306 Steck 
’ enet Findings and & yl Ce In idletowr onn 
ing for Bending Material up to Ys wtzial Div., Attiobers, Sloss Barnes ( Wallace, Div. Associated 
x IQ ndy & Harman, 82 Fulton, New York « 1 orp eee — a beues 
> N Y r Gitbsor aymon div seocia 
HAND OPERATED Cester Solder Co., 4209 Wrightwood Ave : Cory 40300 Plymouth Ka 
MODEL ego 39. Il ymouth, Mich 
Chase Brass & Copper ©o., Waterbury 3¢ 
Conn 
Dudek & Bock Spring Mfg. Co., 4016 W 
jrand Ave., Chicage 13, Il 
SOLDER, SELF-FLUXING a : 
r Silver Solders, Bee Brazing Alloys Dunbar Bros Co Div. Associated Spring 
Cory Bristol, Conn. 
Inc., 64 Water, Jersey py Resistor Corp Electronics Div 
Erie, Pa 
eral Tool & Mfg. Co., 3608 Alabams 
Ave. Minneapolis, Minn 
111 Broadway, New preeway Washer & Stamping Co, P.O 
Box 6. Cleveland 5, Otte 
Garrett Co., Inc., George K., Philadelphis 
34, Pa 
Genera Findings and Supply Co. In 
SOLENOIDS lustrial Diy Attleboro, Mass 
Allen-Bradley Co 1816 8. Becond, Mil- Gibson Co, William D Div. Associated 
weuken 46. Vian , pring Corp., 1800 Clybourn Ave., Chi 
Electric Sales Corp., 1033 W 2 ‘] : a 
uren, Chicago 7, Ill H an Mfg. ¢ Kenilworth 1, N. J 
tomatic Switch Co., 803 Lakeside Ave, Hudson Tool & Die Co., Ine., 118-1232 & 
i, '\ range, N. J 4th, Newark 7. N. J : 
: ' Electr Development Co., Dept. Joliet Wrought Washer Co., Joliet, I 
3209 Humboldt, Les Angeles ti Kirk and Blum Manufacturing Co., 8123 


@, ~ gs ) Forrer, Cincinnati! 9, Obie 
y ‘omar tlectric 'o , Ww ddisen Lewis Spring & Mfg. Co., 2646 W. North 
= / @' ye Wh = o ni 3349 Addisor ave., Chicago 47, Il 
Hammer, Ine 1264 &t. Paul Ave Malco " and Manufacturing Co 402) 
waukee 1, Wis wl Chicago 24, I 
dir Operated rolt Coll Co., 2485 Hilton Rd. De- Mohawk Mfg. Middletown, Conn 
; I . FIVE-IN-ONE-TOOL Larger Models Available t 20, Mict : Threade s" : \ cmten Cue i713 
Models in This iT BENDS FLAT AND ROUND STOCK INTO eyer Industries, $424 Milwaukee Ave , Aon BEE SED se 


hi o 4 ni ‘ ‘iret. Dayton, Ohio 
ind Larger sizes ANY SHAPE. CUTS AND PUNCHES FLAT STOCK > Gter Ga. Whents Wheee, Plonteville nd Mfg. Co., Div. Associated Spring 


J A RICHARDS co KALAMAZOO 136” MICH nera Electric Co Apparatus Bales Revere Copper : Brase, Inc., 280 Park 


Schenectady 5 x Ave., New York 17, N. ¥ 


4209 Wrightweod Ave Fe 


— 


a 
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oe ERCP BEE 


All these ... and more... . for 
YOUR BEST CONNECTIONS 


U/L AND CSA TESTED 





PURE COPPER 


100% CONDUCTIVITY 


COOLER OPERATION 


HI-RUGGED STRENGTH 
RE-USABLE 
ALL WIRE SIZES 


ECONOMICAL 


WRITE FOR 


80-PAGE CATALOG 
ILSCO CORPORATION 


5745 Mariemont Ave. 
CINCINNATI 27, OHIO 


CAN NEUTRAL 


TERMINAL BLOCKS 60 100 & 200 AMPS 





Called “FOPS” By Every User! 


STILL-MAN 


FLECTRIC TUBULAR 
HEATING ELEMENTS 


*& TOP PERFORMERS 
*® TOP QUALITY 
*& TOP WORKMANSHIP 


at LOW COST TO YOU! 





Built for application wherever space limitations 
long life, fast heat and high efficiency are factors 
in design 

Millions are now in use as standard equipment in 
America's leading nationally advertised electrical 
appliances 

Available in copper, cold rolled steel and acid 
resisting steel alloy in standard sheath diameters for 
casting-in or im 





mersion use. When writing, specify 
use, wattage and maximum temperature require- 
ments. An inquiry, NOW, will prove profitable to 


you | 


THE STILL-MAN COMPANY 


ees ee 





READER INOUIRY SERVICE CARDS, PRECEDING BACK COVER 








FUSE CLIPS 


MANY SIZES AND TYPES 





For 
after 
Shutdown 
protection... 


The AGASTAT is 


y 


"WRITE for new 4-page application folder 


describing how one 
company solved its after-operat 


large 


ng problem. Address Dept. A21-121 


Elastic Stop Nut Corporation 
of America 


DIVISION 


1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing 





time switches i | 
motor starters — 


lighting — equipment 
control — all applications 
requiring complete reliability and long service life. 


All parts are accessible readily inspected, easily 


replaced, Full floating armature permits perfect 

magnetic seating, silences AC hum 

Contacts are copper to copper. Heavy compres- 

sion springs assure contact pressure, quic k opening 

Coil will not overheat in 24-hr. continuous service 
Zenith contactors are made for severe 

duty. Capacities to 400 amps 


Send for this handy new bulletin 


See classified telephone directory 


for name of local distributor 


ZENITH ELECTRIC CO. 


152 WEST WALTON STREET + CHICAGO 10, ILLINOIS 


AKRON 
Mi HSE eae 


Shakepr 


Illinois Tool Works 

Chicago 39, Il 

i Products Ine., 
New York 19, N. Y 

Fastener corp Cambridge 


Byivania 
Kroadway 

United-Carr 
i Mass 

Wenco Mig Lo 
Chicago 22, I 

Winzeler Manufacturing and Tool Co 
Ww Arcade Place, Chicago 12, IU 

Wrought Washer Mfg. Co, 2200 8. Bay 
Miiwaukee Wis 


ites 


1136 West Hubbard 


i713 


STAMPINGS, NON-METALLIC 


Aubur Manufacturing Co., 306 Steck 
Middletown, Conn 

Continental-Diamond Fibre Div 
judd Co., In Newark 13, Del 

Federal Tool & Mfg. Co., 3608 Alsbems 
Avée., Minneapolis, Minn 

Richardson Co., 2709 Lake 
m 

Stahlin Brothers 


BE. Belding 


of The 


Melrose Part 


Fibre Works, Inc., 
Mich 


Dept 


STARTERS, FLUORESCENT 


See Fluo 
rescent Lamp Auriliaries 


STARTERS MOTOR Ree 


Controllers 
Motor; Push Button Stations 


STEATITE. Bee Ceramics 


STEEL—Commercial Forms and Grades 


Alley (A) 
Bare (B) 
Carbon (Cc) 
Coated (D) 
Mheets and Strips (8) 
Enameling (B) 
Mtainless (N) 
Cold Rolled Only 0) 
Tubing (T) 
Bee also Steel, Electrical) 


Allegheny Ludlum Steel Corp 
Oliver Bidg Pitteburgh 22 Pa 

American Steel & Wire Div 
Steel Corp Rockefeller B 
land 18. Ohio (NS 

Barnes (x Wallace Dt 
Bpring Corp Bristol Conn 
Spring 

( hase trasse & 
6, Conn. (N) 

Columbia-Geneva Steel Div., U. 8 
Corp. Ban Francisco, Calif 

Crucible Steel Co, of America, Henry W 
Oliver Bidg Pittsburgh 30, Pa 
ABCNS 

Driver (Cc William B 150 
Ave Newark N. J 
Wire) 

National Tube Div { s 
Pittsburgh, Pa 
Newport Steel Oorp 

ADES 
Revere Copper & Brass, Inc 230 
Ave.. New Yerk 17, N. Y. (T) 
Ryerson & Son, Inc Joseph T 
I ARCDENST) 
iperior Stee Cort 


Henry W 
(NS 


Copper Co., Waterbury 


lee 


Riverside 
(Btainless Btee) 


Stee! 


Corp 


Newport, Ky 
Part 


Chicago 


. 


Carnegie, Pa. (AD 


Tennessee Coal & Iron Div I 8 
Cort Fairfield, Ala 
t B. tee Cr 


Pittsburgh § 


Stee! 


William Penn P! 
(8-ACDN) (T-ACN 


STEEL, ELECTRICAL 
Sheets and Strips 


(Silleen) 


Allegheny Ludlum 
0 I I 
Newport Steel Corp 

l. 8. Steel Cory 
Pitteburgh 8 Pa 


Bteel Corp Henry W 
re Ia 
Newport, Ky 

William Penn Pi 


STRAIN RELIEFS 


Kee Gripe & Clamps 
Strain Kelief 


STRIPPERS, WIRE 


Engine ‘ 
waukee 7, Wile 
Holub Industries, Ine 445 Elm 

more, Lil 

Ideal Industries, Inc 
Sycamore 
Wence Mig 


Syca 


1008 Park Ave, 


West Hubbard, Chi 
) Fa 
12, Oble 


STRIPPING 


Compounds 


COMPOUNDS. See Cleaning 
Metal 


STRIPS, BLOCKS and BOARDS, 
TERMINAL 


Aircraft Marine Products Ine 
ton, Harrisburg, Pa 

Alden Products Co., 4125 N 
ton 64, Mase 

Alpha Electr ie 
Arkansas 

American 
Tenn 

Buchanan 
Rte 22 

Burndy 
Conn 


2100 Pax 


Main, Brock 


Products Co Marion 


lave Corp., Chattanooga 5 
Flectrical Products 
Hillside, N. J 


Engineering Oo. 


Corp 225 


Inc., Norwalk 
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Cambridge Thermionic Corp., 
Ave, Cambridge 38, Mass 
Cutier-Hammer, inc., 1264 Bt. Paul Ave 
Milwaukee, Wis 

Dimeo-Gray Co., 210 E. 
Ohio 

Federal Telephone and Radio Co., Div. of 
international Telephone and Telegraph 
Corp., 100 Kingsland Kd., Clifton, N. J 

Jones Div., Howard B., Cinch Mfg. Corp 
Chicago 24, Lil 

Marathon Ele c Mfg. Corp 
Randolph, Wausau, Wis 

Mycalex Corp oo America, 116 
Bivd., Clifton, N. J 

Soreng Products Corp 
Schiller Park. Ll 

Thomas & jetta Co Inc 
Elizabeth N. J 

U. 8. Engineering Co. Inc 521 
mercial, Glendale 8, Calif 

U. 8. Gasket Ce Camden 1, N. J 


458 Concord 


Sixth, Dayton 2 


Cherry & 
Cliftes 
9551 Boreng Ave 


28 «Butler 


SUBASSEMBLIES 


Technica 


ELECTRONIC 


Development Corp., 4060 
ivd., Culver City, Calif 


Ince 


SWITCHES, AUTOMATIC and MANUAL 


Fioat (Liquid Level) (A) 
Limit (Snap- Action) (B) 
Limit (Ketary Cam & 

Gear (WwW) 
Magnetic (C) 
Mercury (Dp) 
Pressure (EB) 
Therma) F) 
rime (G) 
Transfer (H) 
Vacuum 4) 

arid and Fixture (K) 

wl (L) 
Heater (Series Multiple) (M) 
jack, Key and Laver (N) 
Panel (Oo) 
Push Button Snap 

Toggle, Slide, Rotary) (P) 
Remote Control (kh 
Selector (Hotary Tap) (8) 
Through-Card (Snap) (T) 
Coaxial (U) 
Motor Speed Control (Vv) 


seo 8 Cireult Breakers; Push 
Stations Controllers Motor 


Timers 


Bulttor 
Helays 


Acro Manufacturing Ce., 
Uhio (Bb 
Adams & Westlake Co., Elkhart, Ind 
AEMCYU, In Y Stale Mankat M 
Gi 
matic Electric Mfg. © 60 
Mankato, Minn. (GK 
Alien-Lbradiey Co 1316 8. Second, Mil 
waukee 4, Wis. (ACEFJIR) 
Allied Control Co., In 2 Kast End Ave 
sew York 21 i - CDGHK) 
Milwaukee 1, Wis 
10338 W 
Chicago 7, Ill HLNE 
Switch Co, 393 Lakeside Ave 
Me i a CHK) 
Bristol ¢ Waterbury 20 
GJPRS 
Centralab Div. of Globe-Unior Ine 
I heefe Ave Milwaukee 1, Wis 
‘ ( r i Pratt 
( ax ‘ iil 
Clark Controller Cé 
Cleveland 10, Ohlo (C) 
Comar Electric Ce a49 OW 
Chicago 18, Iik (N) 
Contr I jucta Co Inc 
Harrison, N. J. (B 
Cramer ¢ I Kk. W Hoa 8 
brook, Conn (G 
Crouse-H is Co 
DPSY 


Curtiss-Wright Cory 


Columbus 


Slate 


Chalmers 


Electri ales Corp 


Cons 


ADEF 
9621 
(NB) 
1146 «OK 
Addison, 
306A Busser, 
Center 
Syracuse 1, N Y 
Carlstadt, N. J. (F) 
1264 Bt. Paul Ave 
Milwa ] Vis hOLPW) 
Dave > 5 Mt. Pleasant Ave 


Livingast (8 


Cutler 


De son 2 mt Clair 
Ave N.V « 1 13. Ohio (B 
Dim Gira Sixth, Daytoa 1 

a 
Dur : Ind D 
Kagle > i 20th 
I ‘ 
80 i Thomas A 
Dept West Orange 
Electro-Snap Switeh and Mfg. Co 
W. Lake, Chicago 24, DL (B) 
Fasco I ries, Ine Rochester 2, N. ¥ 
KO 
Federal Telephone and 
Interna na 


Moline 1} 
Kd Instrument Div 
N. J 

4226 


Radio Co., Div. of 
Telephone and Telegraph 
Kingsland Rd., Clifton, N. J 


11) Pleasant, Ashland, Mass 


ctric Co 
ABCEFILA)) 
VY Controle In * 
East Orange, N. J. (FG) 

General Electric Ce, Apparatus Sales Div, 
Schenectady 5, N. Y¥. (ABCDEFGHIE 
MNOPRSTUYV) 

Gener Thermostat Corp 10 Albany Ave 
Bartlett N H 

Guar } r 
Chicas  - 

Harnischfeger Corp 
Ww 

Haydon Mfg Co Ine 2529 Elm, Te 
ringtor Conr Oo) 

Heinemann Electric Co., 99 Plum 
ton N. J. (0) 

Jovy Manufacturing Co Henry W 
Bide Pittsburgh 22, Pa 

Kellogg Switchboard and 
W. Monroe 
bar) 

Knox 
(P) 

Leach Relay Div 
lon Bivd 


1024 McKee, Batavia 


Hollywood Please 


f 4 Ww Ww it 
(CFPGHN) 
Milwaukee 46, Wis 


Tree 
Oliver 


Supply Co be 
Chicago 8, Tl (8) (Crose 
Porcelain Co., Knoxville 1, Tens 
Leach Corp 

Loe Angeles 3, Calif 


5015 Ave 
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Transformers | 


Transformers, Saturable 
Reactors, Chokes, Special 
Windings and Electronic 
Devices. Milliwatts to 50 
KVA, single or polyphase in 


all frequencies. 


Complete design and engi- 

neering service. All modern 

techniques, encapsulation, 

casting, military and 

Hartford's policy of maintaining a large 

commercial construction 
nventory of sizes and grades plus flexible 

And, we've got one asset production facilities means prompt delivery 

you'll find espec ially helpful on practically any ball requirement, Stand 


WE TRY HARDER! ard materials include ferrous and non-ter 


rous alloys, plastic, nylon and glass. Balls 
of other materials made to your specifica 
tions. Our engineers will gladly work with 


you on any ball problem. Try us and seel 


Write for Bulletin 53D 


ELECTRAN MFG. CO. > PRECISION BALLS + BEARINGS 


1901 S 
bedathchedhschachedihededbadedhd CHICAGO 14, ILLINOIS Hartford Steel Ball (Co., Inc., 7 Jefferson Ave., W. Hartford 6, Conn. 


Identify Wires Permanently 
Easy fo apply, replaces obsolete string Where to get transformers 


and paper identification methods. for atomic submarines 


Like General Dynamics’ Stromberg-Carlson Division 


* Aluminum steel, brass 
or zinc 

* Big variety, all styles " J a 
and sizes F 

© For aircraft, radio, | conditions. 
telephone, motor and : ; 
generator manufacture, . / Th 
etc 


you may at times need transformers that operate in 


new circuit design under unusual and rugged 


hipboard 


Free Samples and ’ . (ee = signed for the | 
Literature Upon Request 


NATIONAL BAND & TAG CO., Dept. 9-52, Newport, Ky 


29 YEARS OF WIRE STRIPPING 
EXPERIENCE 


Not just 29 years 

bulldin one or - 

types of standard wire strip 

pers, but continuous research 

and development of many 

wire strippers to meet ’ 

ever changing needs Just aff the pre 16-page, tllu trated hroc hure 
Speederaft (illustrated) has , 

widest application and su describing Caledonia's services and facilities for 
perior performance on most 


kinds of smaller wire custom-destgning and manufacturing tran Jormers. 


For larger sizes inquire 
about our Air Operated 
Cable Stripper 


Stel iit CALEDONIA 
Write for complete information—sending wire samples—no obligation | ELECTRONICS AND D TRANSFORMER CORPORATION 
WIRE STRIPPER CO t CLEVELAND, onic a mee 
E. CLEVE ’ 
ee ; scores Dept. EM-1, Caledonia, New York 





ANALOG-DIGITAL CONVERTER 


TYPE 158 


Highly accurate means of trans- 


posing rotary mechanical mo- 
tion into an equivalent nu- 
merical notation. Eight 

digit reflected bi- 


nary code (Gray) 
256 counts per shaft 


rotation 


TYPE D30 


Extreme accu- 
racy ten digit 
code, 1024 
counts per rev- 
olution. Direct drive with- 
out gears insures non-am- 
biguous output by avoiding 


backlash problems 


For further information contact our En 


ginee 


ELECTRO-MEC 


47-51 33rd Street, Long Island City 1 


ring Department STillwell 6 3402 


Lboratory, Inc. 


N. Y. 


OS 


for APPLIANCES 
and ELECTRICAL EQUIPMENT 


MOST SENSITIVE 


PATENTED CONDUCTION 


J 


R-f 


GUARANTEED 


for 


18 MONTHS *” 
aa 1a ea 


TYPE THERMOSTATS 


niso BIMETAL 
TYPES 


Used by 
leading 
electrical 
nanufacturers 
for many 
years 


T 
© i) : 
= aw 
—~_ a et 


—_— 


For Descriptive Literature, write: 


ERMOSTAT CORP. 


10 ALBANY AVENUE 


BARTLETT, 


NEW HAMPSHIRE 


Leland, inc., G. H 
4, Ohi 

Mallory & Co, Inc, P. R., 
6, Ind GNPS 

Mechanical Industries Production Co., 216 
Ash, Akron, Ohio 

Mercoid Corp ‘ 
ago 41, LL (ABCDEF) 

Micro Switch Di Minneapolis- Honeywell) 
Regulator Co., Freeport, Ii (BDFLA) 

National Acme (« 176 E. 18lst, Cleve 
land & Ohio (BP 

4613 


128 Webster, Dayton 


Indianapolis 


Belmont Ave., Chi 


Howard, Skokie 


1388 N 
Tl. (P 


basex 


Kostner Ave 


Wire Corp Logans 
port 
Khodes, Ir MH 
Kobertehaw 7 
Fulton 
FM 
Boreng lroducts 
Schiller 


Mper 


Hartford, 
ermostat Div 
Controls Co 


Conn G6 
Robertshas 
Youngwood, Pa 


Corp., 9551 SBoreng Ave 
Park, Tl (ABELPS) 
er Thermostat DI a Metals & 
Controls Corp 101 Forest Attleboro 
Mass. (EF) 
Square D Co 4041 N. Richards 
kee 12. Wis (ABCEFLOPR) 
Stackpole Carbon Co. St. Marys, Pa (P 
Switehcraft, Ine 13928 N. H ead, Chi 
ago 22, Til. (N) 
Ther Electric & 
8. Jefferson 
Torq Engine 
Ohio (V) 
Unimar Div. of the W. L 
160 W. 34th, New 


Milwau 


Machine Works lla 
Chicago 6. Til, (8) 
ered Products, Ine Bedford 


Mazeon Corp 

York 1, N. Y¥. (D 

Ward Leonard Fleetrie Co 100 Bouth 
Mount Vernor N. ¥. (COHORB) 

Westinghouse Fleetr Cory Gateway 
Center, Bidg No. 38. 401 Liberty Ave 
Pitteburgh 22. Pa ABCDEFGHLOPS 

Zenith Electric Ce 152 W. Walton, Chi 
eago 10 ‘Til (HR) 


SYNCHROS. See Servomechaniams 


TACHOMETERS 


Bristol C« Waterbury 20, Conn 


General Electric Co Apparatus Bales Div 
Mchenectady 5. N. Y 


Ideal Industries, Inc., 
Mycamore, Ill 

Marx ¢ Clarence J Box 
EM, Clevela 3 OF 

Heliance Electric & Kngineering Co 10° 
Ivanhoe Rd, Cleveland 10, Ohio 

Bticht Co., It Herman H., 27 Park Pi 
New York 7, N. ¥ 

Veeder-RKoot, In Hartford 2 

Weston Electrical Instrument 
Frelinghuysen Ave 


1008 Park Ave 


4033, Der 


Conn 
Corp., @14 
Newark 6. N. J 


TAGS, TERMINAL 


& Tag 


207 Randolph 


TANTALUM 
Metall 


Fansteel Corp., N. Chicage 


Indianapolis € 


TAPE ADHESVE and COIL 
FASTENING 


ox Cork 
a 


7012 Ingersol, Lar 

nufacturing Co., 300 
khan Mase 

Manufacturers 


Howard 


Corp.. 565 W 
BK Chicago 6 Til 
Cort Dutch Brand Div 
Ave Chicago 19, Tl 
Mining & Mfg Co Electrical 
Div 900 Fauquier Ave a 
Minn 


Tape Corp New HBrunewick 


te Dept 
Jackson 


of The 
Blvd 


Kendall 


Chicage 
hbher Co New 


Haven 8. Conr 


TAPE, FRICTION and SPLICE 


m Manufacturers 
Vaelington Bivd Chicago 6 IT 
neton Div Minnesota Mining & 


Manufartu e Ce ® Argyle Terrace 
Irvington N. J 


Johna-Manville, Box 60 
Y 


Corp., 565 W 


New 


York 16 
Jot Manville Corp Duteh Brand Div 
800 Wootlawn Ave (hicago 19 TMH 
Minne a Mining & Mfg Co Flee 
trica Products Div 900 Fauquier 
Ave St. Paul 6. Minn 
Mitchell. Rand Inaulation Ce, 51 
New York 7. N. Y¥ 
Polvken Producte Dent. of The 
no9 COW Jackson Bivd 


Murray 


Kendall 
0° Chicago 
6. m 

Rean Rubber Co 
t a R 


New 


New Tiaven 8 
Rockefeller 


Conn 


bher Co Conter 


York 20, N. ¥ 


TAPE INSULATING. Gee Fabrics. In 
eulatine Bleeving & Tane, Asbestos; 
Tape Friction & Bplice: Tape & Bheet 

Synthetic Resin 


TAPE. MAGNETIC 


Bee Magneti 


RECORDING 


Recorder Componente 


JANI 


ARY 


TAPE, MICA. See Mica 


TAPE and 
RESIN 


Continental -Diamond 


18, De 


SHEETING. SYNTHETIC 


Fibre Co., 


du Pont de Nemours & Co (Ine.) BE L, 
Plastics Dept., Wilmington 98, Del. 
Generai Electric «: cucurcal & Metal 
lurgical Div Pittsfield, Mass 

Insulation Manufacturers Corp 5656 UW 
Washington Bivd.. Chieago 6, Til 

Irvingtor Div Minnesota Mining & 
Manufacturing Co 9 Argyle Terrace, 
Irvington 11, N. J 

Natvar Corp 207 Randolph 
bridge, N. J 

New Jersey Wood Finishing Co 
Insulation Dept Woodpbrid 

Polyken Products Dept. of 
Co., 309 W. Jackson Blvd 
ml 

Raybestos-Manhattan Ine 
tile Div., Manheim, Psa 

Resin Industries, Ine 
Callf 

Beamiess Rubber Co., Mew Haven 8. Conn 

Shamban Engineering Ce 11617 W. Jef 
erson Bivd., Culver City, Calif. 

U. 6 Gasket Co., Camden 1, N. J 


Nowark 


Ave., Wood 


Electrical 


e, N. J 
The Kendall 
Chicago 6 


Asbestos Tex 


Sante Barbera 


TAPES, MEASURING 
Keuffel & Hoboken, N. J 


Keser Co 


TELEPHONES 


Crouse-Hinds Co., Syracuse 1, N. ¥ 
Kellogg Switchboard and Supply Ca, 78 
W. Monroe, Chicago 3, IIL 
Nationa! I’neumatic Co., In 
Cabot Dive 125 Amory 
Mass 


, and Holtser 
Boston 19 


TEMPERATURE CONTROLS. Bee Con 
trols. Pressure & Temperature; Relay 
Bwitches; Thermometers: Thermostats 


TERMINAL BLOCKS. Bee Strips 


TERMINALS. See Luge and Terminals 


TESTING 
Test 


CHAMBERS. See Chambers 


TESTING 


mente 


INSTRUMENTS. Bee 
Also Tools, Portable 


Instru 


THERMAL SWITCHES. See Switches 


THERMISTORS 


Carborundum Co 


Fails, N. ¥ 


Globar Div Niagere 


THERMOCOUPLES 


Assombiy I'r ucla Inc 
Ohi 


Chesteriand 14 
Tirist 7 Waterbury 20, Conn 
» Co, Apparatus Sales Div 
N’ ¥ 
Corp New Haven 4, 
109 Fifth 
Rochelle Park 


Saddle 
Post 


W estinghouse Corp 
Center, Hide ‘oO 401 
Pittebureh 

Weston Electrical Instrument Corp e14 
Frelinghuyse Ave vewark 5, N. J 

Wheelco Instruments Div Barber-Colmas 
Co 14038 Rock, Rockford, Il 


Gateway 
Liberty Ave., 


THERMOMETERS 


Assembly 
Ohio 
Bristol Co 


Products, Inc Chesterland 16 

Waterbury 20. Conn 

Edison, Inc Thomas A., Instrument Dty., 
Dept. 58, West Orange, N. J 

TAQliabue Instruments Div., Weston 
trical Instrument Corp 614 
huysen Ave.. Newark 5, N. J 

Weston Electrical Instrument 
Freling en Ave 

Wheeico Inetrum 
Co., 1408 


Ele) 
Freling 


Corp 6\4 
Newark 5. N. J 
ents Ttv Barber- Colmes 
Rock, Rockford, I) 


THERMOPLASTIC WIRE 


Cable, Insulated 


Bee Wire @ 


THERMOSTATIC BIMETALS 


American Silver Co., Inc., 36-02 
Flushing 54. N.Y 

Brainin Co, C. 8 
Vernon, N. ¥ 

Bristol Co 153 
20, Conn 

Chace (o., W. M & Beard ° 
troit 9, Mich 

General Pilate Div Metals 
Corp 41 For Attliebor 

Wiilsen Co The H A 
U. 8. Route 22 


Prince 
318 Washington, Mt 


Bristol Rd., Waterbury 


De- 


and Contrele 
Mass 

Dept. KB, 268 
Union, N. J 
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WELDED SHEET 
STEEL CONSTRUCTION 


OIL-TIGHT 
PUSH BUTTON 
ENCLOSURES 


Immediately available in ten stand- 
ard sizes to accommodate from one 
to twenty-five push buttons. 


@ Patented push button openings will fit 
all standard makes of oil-tight units 


@ Conduit connections may be made at 
any location you specify 


@ Absolutely oil tight, water tight, dust 
proof. No knockouts or holes in this 
heavy 14 gauge sheet steel box. All 
seams welded. Mounting feet are ex First of its 
torneny attemied kind on the market! 

@ Neoprene sponge gasket provides posi 
five cover seal @ Pendant type, flush cover 
type and other special en- 
closures also fabricated 


@ Unique slidi: 


will hold cover in 
open po desired. Cover screws 


on if 
; @ Painted attractive gray ham 
are captivated, They thread into closed 


: mertone enamel 
end steel ‘‘Rivnuts’’ located 


in box flange. Cannot leak @ REASONABLY PRICED! 


ENGINEERING 
CORPORATION 
ANOKA, MINNESOTA 


ENGINEER 


ELECTRO-MECHANICAL 
(OR MECHANICAL-ELECTRICAL) 


I 


1 


MR. JAMES HEVELIN 
Kk { 
Al i 


GENERAL 


bk PROJEAY 


§@ ELECTRIC 


I 
A 


DYKEM 
S034 1 


Srey Bove 


making Dies and 
Templates 


Popular package is 
8-oz. can fitted with 
Bakelite cap holding 

soft-hair brush for = 
plying right at bench 
metal surface ready for 
layout in a few minutes 
The dark blue background 
makes the scribed lines 
show up in sharp relief 
prevents metal glare. In 
creases efficiency and 
accuracy 


Blee Write for Hh 
haat YUEN SS enoumenstaabend 
THE DYKEM COMPANY 


2303F North llth St. «© St. Lovis 6, Me 


Hvvunuaunuu.anceusnicvusenesnieiaeeyncintiit 


i 


Before You Can Make 
a Reliable Electric 
Connection 


1 The insulation must first be removed 


2 ALL the insulation must be removed 


3 The conductor must not be nicked or 
reduced in diameter. 


Developing a method and equipment for a 


specific high-quality, high speed stripping opera 
tion requires full consideration of all the factors 
peculiar to that job. In most cases, standard 
equipment (often with adaptations) will do the 


job; in others, special methods must be de 
veloped 
Our specialty 


studying your specific appli 
cauions and recommending an 


stripping method 


ellicient wire 


Ask for FREE 24-Page Book 
“Reliable Electrical Connections” 


Rush Wire Stripper Division 
The Eraser Co., Inc 
1068 S. Clinton St., Syracuse 4, N. Y. 


ANOTHER FAMOUS NAME 


CAMERA 
COMPANY 


BUYS 


Because 


Revere insists on finest quality for every 
camera component the best assurance 


there is of continued customer satisfaction! 


Send for Catalog 56 — shows how to 
order molded or assembled types. 


~~ 
mii Mi, <A 


PHOENIX ELECTRIC MANUFACTURING CO. 


4211 West Lake Street Chicago 24, Illinois 





—— oa Ri MIB THERMOSTATS Microtran Co #4-11 Rockaway Blvd., 
Acro) Manufacturin oC oC Far Mockaway, N. Y 
Unto —— » me umes 68S Nothelfer Winding Laboratories, 111 Albe 
¥ ' 


American Thermostat Corp., South Cairo watle Ave., Treaton 8, N. J 


7 ¥ Madio Corp. of America, Tube Div., Har 
Barter -C n Dept. A, : o m, N. @ . 
EL Recxfora, fl Bola Kiectric Co., 4633 W. 16th, Chicago 
: t 


Briswi Co., Waterbury 20, Conn a. e — ; u 
as : Telex, | ark ‘u \ 
Curtiss-Wright Corp., Carlstadt, N 4 Lnited Tiransformer Co 150 Varick, New 
ales Co Franklin 180-184 KE. Mili y : 

Akron, Ohio rk 13, N.Y 


Kdisem, inc., Thomas &., Instrument Div 
Dept. 53, West Orange, N. J 
Peowal, Inc., 112 Pleasant, Ashland, Mass 


G-V Controls, inc., 6 Hollywood Piass 
Best Urenas, N. 2 ” TRANSFORMERS, FLUORESCENT 
General Eiectrio Ca, Apparatus Bales Div BALLAST. See Fluorescent Lamp Au 
Schenectady 5, N. Y waasree 
General Thermostat Corp., 16 Albany Ave 
Bartiet ‘. H 
Mechanical Industries Production Co, 2 
Ash, Akron, Ohio TRANSFORMERS, INSTR T 
Mercoid Corp., 4201 Belmont Ave., Cm CURRENT s. eTaumen 
cago 41, Lil . . 
Hovertshaw Thermostat Div., HKobertehaw Acme Electric Corp., Cubs, N. ¥ 
Fulton Controls Co., Youngwood, Pa Allis -Chaimers, Milwaukee 1, Wis 
wt Pn eee lit Bpencer Thermostat Div Metais & Con Chicago Standerd Transformer Corp Ad 
+ avd vvaledi roo eenid trols Corp., 112 Forest, Auleboro, Mass ison & Elston Ave, Chicago 18, Iii 
eae u Stevens Mig. Co., Lm Maustield, Unie Comar Kiectric Uso 3349 (OW Aadisor 
Encapsulated Resistors CT ed Btiul-Man Ce., 429-338 B. l64th. New Yorn Chicago 18, fll 
66. N. ¥ Dano Electric Co 93 Main 
Therm-0-Wiec, Ine., 127 Crouse, Mane Coun 


eee y Heid, Ohio Klectran Mig. Co 1901 Clybourn Ave 
= Torq Kngineered Preducts, Inc., Bedfora Chicago 14, Hil 
= 
— 


W insted 


Ohio Federal Telephone and Radio Co., Div. of 
4 Westinghouse Electric Corp., 180 Merce International Telephone and Telegraph 
Bt.. Meadville, Pa Corp., 100 Kingsland Rd, Clifton, N. J 
| Wheeico lostruments Div., Barber-Colman Freed Transformer Co., Inc.. 1736 Weir 
Us., 140% Heck, Hoekford, Lil Held, Krookiyn (Midgewood) 27, N. Y 
commen 0 i General Electric Co., Apparatus Sales Div., 


chenectady 5, N. ¥ 
Ce ee | General Transformer Co., 18240 Harwood 
a ed Distributed Capacitance | TIMERS, MOTOR x ¢ oe ae, ii sn ; 
Compensating uM a ed ee a) oan mucts Co., 004-6 25 
Resistors Tea Trimming Potentiometers waukee 4 


Aiien- radiey Co., 1816 8. Becond, Mii City, N. J : 
Whe Sola Klectric Co., 4633 W. 16th, Chicago 
AEMUD, I 60 Blate, Manka M iu 
bristol Co., Waterbury 20, Conn Standard Transformer Co., Warren, Ohio 
EPR Means — Engineering * Production * Research Oramer Co., lnc., K. W., Box 8, Conte Westinghouse ilectrie Cory Gateway 
; prem. oe 910 5 ss 5 Center, Hidg ‘o. 3, 401 Liberty Ave 
f Jimoo Uiray Uo., 21 b. Sixt dayton 
4 RESISTOR PROBLEM? — Think of EPR - . ’ 


Pittsburgh 2 
Unio : Weston Electr al Instrument Corp 614 
4 leading Manufacturer of PRECISION = Signal Corp., 202 20th, Moline 1 Frelinghuysen Awe. Newark 5, N. J 
Wire Wound Resistors 
by 
) 


General Electric Co, Appamtus Sales Div 
Schenectady 5, N. Y 


Hansen Mig. Co ine Princeton 3, Ine 


Write for new Haydon (Co, A. W., 244 N. kim. Water TRANSFORMERS, POWER CIRCUIT 
bury 20 onn ; 
illustrated literature = Haydon Mfg. Co., Inc., 2529 Elm, Ter Acme Electric Corp., Cubs, N. ¥ 


rington, Cont Allis-Chaimers, Milwaukee 1, Wis 
industrial Timer Corp 181 Ogden, New Chicago Standard Transformer Corp., Ad 


e 
ark 4. N. J jison & Elston Ave Chicago 18, Ili 
EASTERN PRECISION RESISTOR CORP Mercoid Cor, 4201 Belmont Ave, Ch Comar Electric ) s349 W Addison 
. 


ago 4), Ill Chicago is, [il 


Boreng l’roductse Corp $651 Boreng Av Cutler-Hammer, Ine 1264 Mt. Paul Ave 
675 Barbey Street Brooklyn 7, New York HL ee 


Schiller Park, Ill Milwaukee 1, Wis 


‘ Square Lb ¢ 4041 N. Richards, Milwee Dano Klectric Co 93 Main, Winsted 
HYacinth 5-0133 


kee | Wis Conn 
Ward Leonard Electric Co.. 600 Bouth, Pormeyer Industries, 3424 Milwaukee Ave 
Mount Vernon, Chicago 4, Ill 
Westinghouse lectri Corp Gateway miestren 7“ ' Co., 1901 Clybourn Ave 
“es r tld « iicago 1 ll 
Pitten aah ’ 5. 401 liberty Ave, pied Transformer Co., Inc., 1736 Weir 
Zenith Electr W. Walton. Cav field, Brooklyn (Ridgewood) 27, N. Y 
a I General Electr Co Apparatus Sales Div 


ome cht eta UN on amg. 0 Rare 


Ave.. Homewood, Ill 
TIMERS, SPRING ACTUATED Electric 


& MECHANICAL Effcecency/ on, 0 Rien se. tis os. ee 


Lindberg Engineering Co., 2450 W. Hub 
ard, Chicago 2, Il 

2 Nothelfer Winding Laboratories, 111 Atbe 
TIME SWITCHES. Hee Switches “emia Ace Trenton 8, N. J 

Radio Corp. of America, Tube Div Har 
risor N. J 
TOOLS, PORTABLE Sola . enees Co., 4683 W. 16th, Chi 
450 i 

Barber -( ‘ Dept. A : Kock, Standard Transformer Co., Warren, Ohto 

Hockford, I Hardness Testing) Ther Electr & Machine Works, l1A 
Ryerson & Son, Ine Joseph 1 Chicage &. Jefferson, Chicago 6, Dl 

fil " United Transformer Co. 150 Varick, New 
Beruges ( Loyd, 1022-32 N. Sisth, ™ York 18, N.Y 

Louls Mo Wagne ectric Corp 6454 Piymoutt 
Myntron ( Homer City, Pa Ave Loulse 14, Mo 
Thomas & Hetts Co In 28 Butler Westinghouse Flectrt Corp Gateway 

Elizabet! N. J Terminal Tools) Cente Bidg. No. 8, 401 LAberty Ave 
United States Steel Supply Div Uniteo Pittsburgh 22. Pa 

Biates Steel Corp 208 8. La Salle 

Chicag 2 


City, N. J 


ago 


TRANSFORMERS, VARIABLE 
TRACING CLOTH, FILM and PAPER VOLTAGE 
Brun vari 4 Montrose e Electric Cory 

— ; , Electric Co 
Keuffel & er He nN. J ag &, Til 
Ons AD A ay . & File ectran Mfg. Co, 190 

Cor, 30 Oraway. Johnson City, N.Y ago 14, Til 
TRANSFER SWITCHES. See mwitenes ' fransformer Co., Inc., | 

f woniye K gewood «? N 
Electric ( Milwaukee 


r erir ‘o 2450 W. Hut 
TRANSFORMER HOUSINGS. Bee Cabi ‘ ' . j ' 
elu heet Meta Tube Div Har 


TRA OR 4 ( 
pageant ede adgegy ae TRANSISTORS and CRYSTAL DIODES 
r : Y¥ 
neformer Corp : ‘ ‘ i Kadlo Co., Div. of 
y 1 ! hy and Telegraph 
Corp Ad ; ‘ ine j Ciiftor N 
ago a Il 
319 W Addisor 
5-2406-S8 
Socket with shallow ‘ 

bracket for flush —_ 1901 Clybourn Ave 


Main W insted 


mounting. ne and Kadio Co, D of 


inte s Telephone and Telegrap! tinghou trie Cort Gateway 
0 Kingsland Rd., Cliften, N. J ‘ $ 1 Liberty Ave 
Howard B. Jones Division pred, ‘Transformer Co... ine., 1136, Welr 
CINCH MANUFACTURING CORPORATION ¢ ore toe gg e. Y 
i . € 18240 r 


2%, iLuin mewood, | 


SUBSIDIARY OF UNITED-CAQR PASTENER Cé Neyst Products Co., 904-6 23rd, Un TURE FARTS (Stemrowe? 


ront Tube Componentes 
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Rubber Products Division 


} 


RUBBER to NYLON 


that stays bonded! 


Now we are able to bond natural and 


nylon. For example 


syntheti 
tured above 


mou 


»lded 
o! being 


rubber to m« 
the part pi capable 
oupling 
bending 
y rupture before bond failure! 

Look to PHOENIX for highly skilled custom molding of rubber 


Address Rubber Products Division 


used as a flexible nt or braking unit 


stand severe The 


tensile and torque tests rubber will 


1) 
actuall 


products all inquiries to 


PHOENIX should be your source 
for custom rubber molding 


PHOENIX MANUFACTURING COMPANY 


Joliet, Illinois 


FOLDING DOUBLE CUPPED WASHER LUGS 


G G Solderless ne ®)) 0 


Oem Easy to Apply (emmm 
No Special Tool Needed a 
C ¢ 


One-Piece Construction © oO © 
mg) ky rey 
v= r= anreess & ae 


Bulletin 6-DF \. i > 
} A. _ 
ALSH BLD 


Write tor 


One ty me 


BE SAFE WITH 


@ Q-MAX provides a 
practically loss-free in 
sulating coating for 
VHF and UHF 


ponents of 


ee A iT 
every va 
Q-MAX 


trates deeply to 


et Ae) att 
seal out 
moisture imparts rg 
® idity to coil windings 
and promotes stability 
of electrical circuits, It 
scarcely alters the “"Q” 


of R-F windings 


@ Q-MAX is easy to 
apply,.dries quickly, 


LOW- LOSS LACQUER adheres to practically 
Conmunictlion Producti Company, Puc, 3" wise’ remperarare 
we a ane D( ” = 


range. Write todsey for 
detailed 
literature 


engineering 


PRECEDING BA 


SOLENOIDS 


solenoid, 10 Ib 
voltage, 11% trol 


NA-726 solenoid 16 Ib 


stroke, 100°% voltage 


G-200 line of solenoids 

placement for all sizes of 
General Electric Co.s CR 
9503-200 line of 


NA.-700 line of 
replacement for National 
Acme solenoid ize for 
solenoid ize, for all modifications 


solenoids, 


The ol both the: 
all thoroughbred Trombetta 
of interest to the 


re plac ement lines are 
All dimensions 
user are the same as the respective 
they replace. The pull and pull character 
identical. In either case, we are 
to furnish replacement units for any 
tions Chey are ay tilable for 
cies, including direct current 
See our catalogs in Sweets ¢ 
more 


solenoids above 


solenoid 


solenoids 


istics are In a position 


and all modifica 


all voltages and frequen 


atalog Service 


Ask for 


information 


TROMBETTA SOLENOID CORP. 


329 N. MILWAUKEE STREET ° MILWAUKEE 2, WISCONSIN 


ELECTRONIC ENGINEERS 
EVERYWHERE! 


@ Heed a colleague who 
never did, and ask for your 
FREE MUELLER CATALOG 
of ELECTRIC CLIPS AND 
INSULATORS. Do it today, 
while still young! 
You'll make better connec- 


tions in the future, 


you're 


with this 
handy illustrated index of 
electric clips for every type 
of quick test connection. 

We've 

since 1908 and recently designed the world’s 


only truly miniaturized test clip. It’s called the 


been making newer and better clips 


“Mini-gator’, and is so inexpensive we'll send 


you a free sample along with the catalog. 


THE “MINI-GATOR” _., 


TT my, 


WRITE FACTORY — FREE “MINI-GATOR” AND CATALOG 


1550W EAST 3ist STREET . 


Shown actual size 


CLEVELAND 14, OHIO 





OWN YOUR OWN 
BALANCER! 


THE MICRO“BALANCING MODEL $U=6 


. completely electronic in detection and location of 
unbalance. 


. low cost, and extremely simple to operate. 
bench model, needs little space and fixturization. 
. specially designed to handle any rotating body 
from 4 oz. to 100 Ibs. and diameters up to 20”. 
WRITE FOR SPECS AND PRICES! 


Designed and manufactured by the most famous name in 


dynamic balancers. 


MICRO BALANCING, INC. 


Herricks Road, Garden City Park, N. Y. 


SERIES J] AIR COMPRESSOR 


Portable 
Air Supply 
for 
Powering 
Pneumatic 
Equipment 


Deliver \2 cfm air, pressures to 100° psi, 
for powermn and equipment, in 
trument au wherever piped air 
is unavailable. Airis oil-free; unit never needs 
lubrication. Heavy-duty '4 hp. 115/230 v 
motor with capacitor, overload protection, 8 
{t. cord. Weighs only 40 lbs. No tank, no safety 
valve required, Write now for free literature 


ur control 
uppl ot 


CORPORATION 


Dept. D-1, 400 PREDA ST., SAN LEANDRO, CALIF 
Member National Fluid Power Association 12 


TUBES, CATHODE RAY 


Du Mont Laboratories, Inc., Allen B., 766 
Bloomfield Ave. Clifton, N. J 

General Electric Co, Apparatus Bales Div., 
Bchenectady 5. N. Y 

Radio Corp. of America, Tube Div., Har 
rison, N. J 

Waterman Products Co., Ine., 


! 2445-68 
Emerald, Philadeiphia 25, Pa. 


TUBES, ELECTRON (industrial) 


Amperite Co., Inc., 561 Broadway, New 
York 12, N. ¥ 

Du Mont Laboratories, Inc., Aller B., 760 
Bloomfield Ave., Clifton, N. 4. 

mnperene, Inc., 127 Bussex Ave., Newark 
2 

Federal Telephone and Radic Co., Div. of 
International Telephone 1nd Te! apb 
Corp., 100 Kingsland Rd, Clitten 4 

General Electric Co., Apparutus Sales Div., 
Schenectady 5, N. Y 

Radio Corp. of America, Tube Div., Har 
rison, N. J 

Victoreen Instrument Ce., 3806 Perkins 
Ave., Cleveland 14, Ohie 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. %, 401 Liberty Ave.. 
Pitteburgh 22, Pa 


TUBES, METALLIZED GLASS. Bee 


Giaes, Technical 


TUBES, PHOTOELECTRIC. Bee Phote 
clectric Cella & Tubes 


TUBES, THERMOCOUPLE. 
Bristol Co., Waterbury 20, Coan 


TUBING, ALUMINUM. 
See Aluminum 


TUBING, BRASS, BRONZE and CoP 
PER. See Brass, Bronze & Copper 


TUBING, FIBRE. See Fibre 


TUBING, LAMINATED METAL 
Bee Laminated Metals Precious @ 
Hiase 


TUBING, MICA. Bee Mica 


TUBING, NICKEL and NICKEL ALLOY 


American Hrase Co., Waterbury 20, Conn 

Chase Brass & Copper Ce., Waterbury 26 
Conn 

General Plate Div Metals and Controls 
Cort 41 Fore Attleboro, Mass 

International Nickel Co Inc., 67 Wali 
New York 5, N. Y 

Leach & Garner Co., Industrial Div., At 
tleboro, Mass 

Revere Copper & Hrass, Inc., 
Ave.. New York 17, N. Y¥ 


230 Part 


TUBING, PAPER 


Cleveland Container Co., 620) Barberter 
Ave, Cleveland 2, Ohio 

Continental-Diamond Fibre Div 
Budd Co. Ine., Newark 138. Del 

Niemand Bros Ine 37-06 35th Ave 
Long Island City 1, N 

Paramount Paper Tube Corp 
ette, Ft. Wayne 2. Ind 

Precision Paper Tube Co 2085 w 
Charleston, Chicago 47, TH 


a The 


612 Lafay 


TUBING, SEAMLESS (Minlature) 


Kleiner Metal Spectalties Ine P.O. Bos 
185. Dunellen, N. J 


TUBING 
Alloys 


SILVER. See Silver & iver 


TUBING and SLEEVING, BRAIDED 
FABRIC. (Textile or Glass-Fibre treated 
with lacquer, varnish or synthetic resin.) 


I Harrie Mfg. Ce 1 Barclay 
Conshohocken. Pa 
Continental-Diamond Fibre Div 
Budd Co, Ir Newark 13. Del 
Corning Glass Works, Corning. N. ¥ 
Insulation Manufacturers Corp., 545 W 
Washington Blvd Chicago 6. TH 
Irvington Div Minnesota Mining & Man 
ufacturing Ce 9 Argyle Terrace, Irving 
ton 11. N. J 
Natvar Corp 207 
bridge. N. J 
Owens Corning Fiberglas Cerp., 
ison Ave New York 22, N Y 
Resin Industries, Ine Sante Barbers 
Calif 
Varflex Corp., 300 N. Jay Rome, N. Y 
Westinghouse Electric Corp Gateway 
Center, Hida No. 8, 401 Liberty Ave 
Pittsburgh 22, Pa 


ot The 


Randolph Ave., Wood 


508 Mad 


TUBING and SLEEVING, EXTRUDED 
PLASTIC 


General Bilectric Co., Chemical Div., 1 
P les Ave., Pittsfield, Meas 
Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicage 6, Tl 


Irvington Div., Minneseta Mining & Mana- 
ufacturing Co., 9 Argyle Terrace, Irving- 
ton 11, N. J 

Nationa! Vulcanized Fibre Ce., Wilming- 
ton 99, Del 

Natvar Corp., 207 Randolph Ave.. Wood 
bridge, N. J 

New Jersey Wood Finishing Co., Electrical 
Insulation Dept., Woodbridge, N. J 

Phalo Pilastice Corp., Commercial & 
Foster, Worcester 8 Mass 

Polymer Corp. of Penna., 213@ Fairmont 
Ave., Reading, Pa 

Rosin, Intensities, Inc., Sante Barbara 
Call 

Rogan Brothers, 8027 N. Monticello Ave 
Skokie, Til 

U. 8. Gasket Co.. Camden 1, N. J 

Varfiex Corp., 308 N. Jay, Rome, N. ¥ 


TUBING, STEEL. Bee Steel. Commercial 
Forms & Grades 


TUNGSTEN. See also Contacts 


Fanstee] Metallurgical Corp., North Chi 
eago, Iil 

Maliory & Co, Ine., 
6, Ind 


P. B., Indianapolis 


UNDERCUTTERS, MICA Bee Mice 


Undercutters 


VACUUM TUBES. See Tubes 
Kay; Tubes, Electron 


Cathode 


VALVES. MOTORIZED or SOLENOID 
OPERATED 


Automatic Switch Ce., 
Orange, N. Jd 
Barber-Colman Co., Dept. A, 
Kockford, Lil 

Bristol Co., Waterbury 20, Conn 

General Electric Co., Apparatus Bales 
Div Schenectady 5, N. Y¥ ’ 

Magnatrol Vaive Corp., Hawthorne 4, N. J 

Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41, Lil 

Modernair Corp., Room 9D, 406 Preda, 
Ban Leandro, Calif 

Boreng Products Corp., 9551 Boreng Ave., 
Bechiller Park, Ill 

Westinghouse Electric a Gateway 
Center, Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 22, Ps 


803 Lakeside Ave., 
1403 Hock, 


THERMOSTAT OPERATED 
Carrell 


VALVES 
Dole Valve Co The, 1901 W 
Ave., Chicago 12, Ml 


VARNISHED FABRICS. See Fabrics, 


Insulating 


VARNISHES. COMPOUNDS and 
RESINS, INSULATING 

Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14 Conn . 

Bakelite Co A Div. of Union Car 
bide & Carbon Corp., 3800 Madison 
Ave New York 17, N. Y 

Borthig Co Ine George C., 
Kast Rutherford 6, N. J 

Celanese Corp of America, 
Newark 5, N. J 

Dow Corning Corp., 
(Silicone) 

du Pont de Nemours & Co., (Inc.), EB. L, 
Finishes Dept Wilmington 98, Del 

Durez Plastics Div Hooker Electro 
chemical ¢ 1301 Walck Road, North 
Tonawanda, N. Y 

General Electric Co Chemical Div 1 
Plastics Ave Pittsfield, Mas 

Insulation Manufacturers Corp., . 5 WwW 
Washington Bivd., Chicago 6, Il 

Irv ngton Di Minnesota Mining & Maa 
ufacturing Co. 9 Argyle Terrace, Irving 
ton 1.» © 

Mica Insulator Co., Bchenectady 1, N. Y¥ 

Minnesota Mining & Mfg. Co Electrical 
Products Div 900 Fauquier Ave St 
Paul 6, Minn 

Oronite Chemical Co., 
Francisco 4, Calif 

Westinghouse Electric Corp Gateway 
Center, Bldg, No. 3, 401 Ldéberty Ave 
Pittsburgh 22, Pa 

Zophar Mi Ine., 112-130 26th, Brooklys 
32, N Y 


Box 115 
290 Ferry 
Midland Mich 


38 Bansome, San 


VARNISHES, FINISHING. Bee Lacquers 
Enamels & Varnishes 


VARNISHES, INSULATING. See Var 
nishes, Compounds & Hesins 


V-BELTS. See Drives, Belt 


VIBRATION TEST MACHINES 

General Electric Co Apparatus Sales 
Div., Schenectady 5, N. Y 
Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Ps 


VIBRATORS 

Acrovox Corp.. New Bedford, Mass 

America Television & Radio Co., St. 
Paul 1, Minn 
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SMITHS TACHOMETERS 


For Precise and Rapid Measurement of 


SHAFT SPEEDS SURFACE SPEEDS 
CUTTING SPEEDS 
















@ Magnetic Design. 
Steady readings accu 
rate to + 0.5% at any 
part of any scale. 

e Instantaneous 

Reading. 

No timing or waiting 












TYPE TC — Color Coded Teflon 
Teflon insulated wire in 10 solid colors bonded 
into compact flat cable. Wire sizes from 16 to 
30 gage. 









@ Self-Powered. 
Needs no battery. Al 
ways ready for imme 
diate use at full accu 
racy. 







TYPE SRP — Silicone Rubber Cable 
Printed circuit conductors bonded in Silicone 
Rubber for maximum flexibility. Only .012 in 
thick. Terminations to order. 


TYPE TB — Teflon Subminiature 
Ultra thin — only .008 in. thick! Stands high 
voltages. Many combinations possible 















Nine Ranges. To 50,000 rpm on highest. Interpolate 
tenths of rpm on lowest 











Overspeed Protection inherent and built-in. 
Hold Button “memorizes’ reading when desired 





Complete Service Facilities 


CLARENCE J. MARX CO. 
Box 4033, Dept. EM Cleveland 23, Ohio 


Write for Details 


NEW PRODUCTS CO. 
P.O. Box 66101 
Los Angeles 66, California 






























FOR IMPREGNATING Whatever your D.C. requirement.... 
coils, wire coverings, paper forms THERE IS A 


porous ceramics, etc 


FOR SEALING 


condensers, batteries, exposed ter 
minals, etc 


FOR DIPPING 
























Best suited 
to your particular 


electrical Component assemblies in 
cluding corona loss barrier mate 
rials 


FOR POTTING 

transformers and electrical com 

ponent assemblies with varying 

degrees of heat conductivit WE ARE RECTIFIER SPECIALISTS 
FOR BLENDING FOR ENCAPSULATING ' t hw 





application. 






{ 
ange f 













to your specifications. Data coils, electrical component assem 
md samples furnished upon blies requiring higher thermal and ; 
request moisture resistance ROVANT ARE? I 
BIWAX CORPORATION th eer es deel 
3443 HOWARD ST. SKOKIE, ILLINOIS oem yy es 


ACCESSORIES 


SELENIUM RECTIFIER BATTERY CHAR kk 
for complete oe 


selection of Basic 
Requirements for your Coil 
Winding needs it’s... 


Coit Winding Equipment Cr. 


Write for complete 
technical literature 


Ita, ae THER ELECTRIC & MACHINE WORKS 


111A South Jefferson Street . Chicago 6, Ilinvi« 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 325 


i ce Waterbury 20, Conn American Phenolle Corp isso 68. 4m 
Mallory & Co., Inc., P. B., Indianapolis Ave Chicago 50, I (x) 
6 Ind American Steel & Wire Div., U. 8. Steel 
Cort Rockefeller Bidg Cleveland 18 
Ono = Mrend 
8 Anaconda Wire and Cable Co., 25 roe 
WARES a56 CONPOUNRS way, New York 4, N. Y. (&BCTX) 
Db Belden Mfg. Co., 4683 W. Van Buren 
Chicago 44. Ill, (ABTX) 

Chase Brass & Copper Co., Waterbury 2¢ 
Conn BCX) 

Continental Wire Corp., Wallingford 
Conr ATX 

Cornish Wire Co In 50 Church, New 
York 7. N Y (BT) 

Crescent Co., Carol Cable Div., Pawtucket 
R. I 

Kesex Wire Corp Magnet Wire Div 
Fort Wayne 6. Ind. (BT) 

Federal Telephone and Radio Co., Div. 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

TX) 

WEDGES and PEGS, ARMATURE General Cable Corp 420 Lexington Ave 

Insulation Manufacturers Corp., 565 W New York 17, N. ¥ 
Washington Blvd Chicago 6, Ill General Electri Co Construction Mate 

Mica Insulator Co., Schenectady 1. N. Y riale Div Bridgeport 2, Conn. (ABCX 

Nationa! Vulcanized Fibre Co., Wilming Hitemp Wires, Inc 26 Windsor Ave 
ton 99, Del Mineola, N. ¥. (T) 

Microdot. 1826 Fre nt, South Pasadena, 
Calif 

WELDING EQUIPMENT Phal Plastics Corp Commercial & Fos 
ter, Worcester 8, Mass. (TX) 

Phelps. Dodge Copper Producta Corp Fort 
Wayne Ind (ABCTX) 

Rockbestos Products Corp., New Haven 4 
Conn. (AT) 


General Electric Co., Apparatus Bale 
Div., Schenectady 5, N. Y. (Are) 
Revere Copper & Erass Inc 230 Pars 

Ave New York 17, N. ¥ 
Unitek Corp 58 Halstead Ave., Pase Roebling's Sons Corp., John A. Sub of 


lena 8, Calif ora t « e 
Westinghouse Electric Corp PO Be _- Ne 5 Fuel & Iren Corp., Trentes 
2025 Buffalo 5, N. ¥ (Plexare) Rome Cable Corp Rome, N. ¥ (BTX) 
Royal Electric Co., Inc., Pawtucket, R. I 
ABT 

WELD NUTS. See Fasteners U. 8. Rubber Co., Rockefeller Center, New 

York 20, N. Y 
Whitney Blake Co New Haven 14, Cons 


WHEELS, BLOWER 


Torrington Manufacturing Co.. Torringvee 
Conn 


WIRE FORMS Bee Springs Cell @ 
Fiat Stampings, Metal 


WINDING MACHINES. Bee Coll Wind 
ing Machines WIRE. MAGNET 
Acme Wire Co 255 Dixwell Ave New 
Haven 14, Conn 
WIRE and CABLE, BARE Anaconda Wire and Cable Co., 25 Broad 
Ne } 4. N Y 
Alloy Metal Wire Div H. K. Pore way w York 
Co., Inc., of Pittsburgh, Prospect Park Bel —. aoe Tt 4633 W. Van Burer 
Pa Chicago 
} American Brass Co., Waterbury 20. Conn ners srese & Copper Ce., Waterbury 
‘ American Steel & Wire Div t 5. Btee) _ ‘ vy 
Oorp Rockefeller Bidg., Cleveland 18 K Fr 4 we. . I Magnet Wire I 
Ohte a ; ae. 7 
Anaconda Wire and Cable Co., 25 Broad “pera! Cable Vorp., 220 ——S 
way, New York 4, N. Y vow Tors . 


because they’re made Oona, ane © Coover Gn Wetervery 98 Din, nearontady 8 ie ave. 


Cornish Wire Co Inc., 50 Church, New temp Wires : Li 16 Windsor Ave 
York N. ¥ Mineola. N.Y , aa lea 
b tt d : | i Eesex Wire Corp.. Magnet Wire Div.. For | ele Dodge oppor Pretest Dorp. , nee 
Wayne 6. Ind 1 a r & iv. Fo ayne ve 
e e r a n co Ss e Ss % General Cable Corp., 420 Lexington Ave Rockbestos Products Corp., New Haven 4 
New York 17, N. ¥ 


; General Electric Co., Construction Mate Beebling’s Sons a * hn e Sub . 
You save two ways when you specify Freeway rials Div, Bridgeport 2, Cone Colorado Fuel & Iron Corp., Trenton 


Page Steel & Wire Dis American Chats \ 
Washers. First . they cost less, thanks to our & Cable Co. Monessen. Pa (Stainless ome Cable Corp., Rome, N.Y 


. s ague F r $07 Marehall 
. w Carbon Steel Armature Bending) . ® 
exclusive method of processing. And second... Sictea-Teaee Geopes Peededs Gao. tem Adams, Ma 
a se sd Wayne Ind 
. they CONSISTENTLY ‘‘meet the specs , to salts ten Oe. Be dk. Oh 
= minimize assembly time. We'll gladly Colorado Fuel & Iron Corp., Trentor wike, MAGNETIC RECORDINGS 


: N J et te roe oO e 
)) quote on your next order. . . and prove Rome Cable Corp NY Magnetic 2 r Compeneats 


Rome 


Ryerson & Sor 1 Jeseph T Chica 
« these two BIG savings to you! ae on, Ine., Jose lenge 


Sylvania Fleetrie Products Inc 740 Broed WIRE, RESISTANCE 
i N 
Freeway semi-precision ball bearings give you (/¢ way. New York 19 Y 


positive anti friction protectior for just pennies e 
per bearing. Patented design cuts installation time of WIRE and CABLE. INSULATED 


up to 78% Send for descriptive literature today Asbestos (A) 
Rubber (RB 
Varnished Fabric (Cc) 
Freeway “one-hit” stampings are blanked, formed Thermop|astic (T) 
Coarial Cable (xX) 
and trimmed in a single operation. Youre assured 


substantial savings on small parts adaptable to Alden Products Ce.. 4125 N. Main. Broce 
this unique type of production. Details available n 64, Mase 
? upon request 


calle A 


¥ MINIATURE AIRCRAFT * 


. TELEPHONE TYPE . HERMETICALLY SEALED 
P. O. Box 1756, Cleveland 5, Ohio 
t SENSITROLS « STEPPING SWITCHES * GUARDIAN 


( ) Washers, ( ) Bearings, i? Stampings KURMAN * ALLIED © SIGMA © LEACH and many others 


Gentlemen Please send us more facts about 


Company 5 LARGEST STOCK OF RELAYS IN THE WORLD 


— PRODUCTION QUANTITIES IN STOCK 
City E 


Send for our latest bulletin— EM 
Signature 


324 CANAL ST NYC. ID. NY WaAlker 5-9642 
Ll 
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SIMPLEX 
WIRE anocurtens 


¢ Clean Cutting 


e Precision Stripping 
e Fast Working 
e Easy Operating 


e Low Cost e Rapid Setup 


Our production wire strippers and cutter will strip and cut to length 
all types of insulated wires including paralle! lamp cord and heater 
cord, also cables 1” maximum diameter, in one easy operation. Send 
sample wires and have your stripping problems engineered by Wenco 


ASK FOR YOUR COPY OF NEW BULLETIN 


WENCO MANUFACTURING CO. 


SIMPLEX WIRE STRIPPERS, AND CUTTERS 
TOOLS vane) STAMPINGS * SPADE BOLTS 
1136 WEST HUBBARD STREET, CHICAGO 22, 1LLINOIS 


OPHAR 


___.WAXES 


~~ COMPOUNDS 


Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 
components of all types, radio, tele 
vision, etc. 


Cold flows from 100°F. to 285°F. plain 
or fungicidal. 


Special waxes non-cracking at —76°F. 


Let us help you with your engineering 
problems, 


For immediate service contact 
L. E. Mayer, Sales Manager 
A. Saunders, Technical Director 
H. Sounders, Chemical Laboratories 


Phone SOuth 8-0907 


ZOPHAR MILLS, Inc. 
112-130 26th Street, 
Brooklyn 32, N. Y. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


LOOK HERE 
for the precise 
a 
Tat 


P . 
a. DHBTX 20HBW.-1 
».. . 
> 
é KEB2HB-5 1 LK-2 A 


.. and write today for your FREE copy of the new Unimax catalog 
of miniature and subminiature precision snap-acting switches 


A ats Ae 


Diuision of Vb EAT 


460 WEST Pare a ta YORK ur 


rei 


ee 


molded 


Black Nylon 
dd] 
and nuts 


Insulate and Fasten 
without bushings, 
washers, etc. 

In Stock 6-32, 
8-32, 10-32. 


CL pdbanl 

"NyGrip”’ 
t-] JC 
clips 
liaht-weight ron- 
conducting support 
for wiring, tubing, etc. 


In Stock Ys” to 
e/a 


Free samples ¢ write WECKESSER co. 


56 N. Avondale Ave. © Chicago 30, lil 


$27 
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ACME STAR 


IN MILLIONS 
OF UNITS—EVERY WHERE 


There are Acme Compounds for a host of ap- 
plications, including impregnating, molding, 
potting, sealing, embedding, filling, casting, 
encapsulating, and Coating. 


For example: Acme 2008 Mixture offers 
100% solids, with good penetration and 
impregnation. Withstands temperatures to 
120°C on transformers—tol50°C on re- 
sistors and other smaller electronic units. 
Excellent moisture and shock resistance, 
both thermal and mechanical. 


The proper Acme compound may solve 


your problem, old or new. Write for informa- 
tion. 


Integrated Electrical Products of Highest 
Quality for More Than Fifty Years 


Aeme @ Wire 
THE ACME WIRE CO YY wy 


NEW HAVEN, CONN 


Magnet Wire @ Coils @ Varnished Insulations @ Insulating Varnishes and Compounds 
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| Reader 


Inquiry 


i. get further information regarding anything 
which has been published in this issue—editorial 


ae 
or advertising pages—readers should use the post Se rv 4 ce 
age-prepaid postcards provided here 


Suggestions 

For Use of FIRST CLASS 

Reader nc. MO. c ‘ee 
e nceitiaieiiiamiaiaaaaianaia acme a NEW YORK, N.Y 

Inquiry 


nN BUSINESS REPLY CARD 
Service No vom Stamp Necessary if Mailed the Unit 


ed States 


This service requires the co- 


»peration of reader, publisher, POSTAGE WILL BE PAID BY- 


ind manutacturer. Each party JOHN A. CAMPBELL, Director, Reader Service 
nust do his part if this publisher 
feature is to function to the ad ‘ . ‘ ‘ 
vantage of all concerned Electrical Manutacturing 

The reader should request only 
that data for which he has a 1250 Sixth Avenue, NEW YORK 20, N. Y. 


jenuine need, present or poten 


tial, and should limit himself to a 
reasonable number of requests. 


He should indicate whether the 


nailing of data is to be followed NEW LITERATURE REPRINTS 


by a salesman's call. Cards 


should be legibly and completely 


Dept. or Div 


filled out, either by typewriter or 
by hand printing 

Within 48 hours after receipt, 
the publisher will promptly pro- 
ess all cards and pass along a 
-omplete record of inquiries to 


nanufacturers 


Principe! Product Manutoctured 


Compen y 


Aindicate on this line those numbe 





z£ 


Electrical Manufacturing 


Reader inquiry 


Editorial 


To get further information regarding New Components & 
Materials, New Literature, or Editorial Reprints, circle the 
numbers below which correspond to numbers incorporated 
in the editorial items as they appear elsewhere in this issue 


Type or print names and addresses please 


Those cords which are properly and completely 
filled out as requested will be processed promptly 


\4 


NEW LITERATURE 


NEW COMPONENTS REPRINTS 


A indicate on this lin 


Compeny 


FIRST CLASS 
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NEW YORK.N_ Y 


BUSINESS REPLY CARD 


No Postage Stamp Necessary if Mailed in the United States 


POSTAGE WILL BE PAID BY~- 


JOHN A. CAMPBELL, Director, Reader Service 


Electrical Manufacturing 


1250 Sixth Avenue, NEW YORK 20, N. Y. 


Principe! Product Manufactured 


New Components, 


Materials, Equipment 


Page 130 

The editors present the latest 
developments in products that 
are designed into or become in- 
tegral parts of the products 
made by ELECTRICAL MANU 
FACTURING readers. 

New or improved end prod- 
uct designs often have their be- 
ginning in new developments in 
components. Realizing the im- 
portance of readers keeping 
posted on all such new compo- 
nents, the editors have scanned 
the field, by personal contact 
and by mail, to present only 
that which is new. 


Literature, Printed 
Matter, Catalogs 


Page 214 

Manufacturers, as a whole, 
have made great contributions 
to product design by making 
available to ELECTRICAL 
MANUFACTURING __ readers 
most usable and valuable data 
presented in interesting book- 
lets, guides, catalogs and 
printed pieces. These are often 
illustrated by interpretive pho- 
tos or engineering drawings. 
To get data pertinent to spe- 
cific problems, readers may 
circle numbers and receive liter- 
ature for immediate study and 


use or for the engineering data 
file. 








Cards will be processed by publisher 
if received by March 1, 1956. 


Service 


Advertising 


Readers should write in the names of advertisers and page 
numbers of advertisements in the card below, if further in- 
formation regarding products or services advertised is de- 
sired. Please type or print names, addresses and other data. 


Those cards which are properly and completely 
filled out as requested will be processed promptly. 


<7 


* 
Reprints of Have advertisers indicated send more information 
Edit. © / (Place a check (vy) a ongside names 
1tOria. 


f salesman is to cal 


Features : 


Page 236 
As the editors jointly plan Sea wage iy 


issues, in their pre-publication 

meetings, they earmark certain 
! 
| 
| 


Dept. or ‘Div. 
Stote 


feature articles for reprinting. Advertiser 
Articles are chosen for reprint- 

_ if they are especially sig- 

nificant or include data that Advertiser 
lends itself to permanent filing. 

Reprints are kept available for 

@ minimum period of five — oe 
months. Due to a_ heavier — 
reader demand than can be 

foreseen at time of original 

order, it becomes necessary to se aieimand Pugs ie 
reprint some features several 

times. Tear sheets of non-re- 

printed features are available in Advertiser Page No 
limited number, and can be had 

by letterhead request. 


Poge Nc 


Page No 


ind vidve 


-ompon y 
ee 
& mcipe! Product Manufectured 


* FIRST C 
Advertised ante 


PERMIT NO. 45 


SEC.34.9,P.L.&R 
— and NEW YORK. N.Y 
ervices 


Hundreds of manufacturers 
are using the pages of ELEC- 
TRICAL MANUFACTURING, 
primarily to sell their products 
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and services. However, these POSTAGE WILL BE PAID BY - 
d + only sell but they in- . 
ae ee JOHN A. CAMPBELL, Director; Reader Service 


ments contain engineering data 
that can be put to practical use, I tal i A, ae . . 
saa ied ean diana Klectrical Manufacturing 
is qualified to help solve a par- 
ticular problem. 


1250 Sixth Avenue, NEW YORK 20, N. Y. 
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See preceding pages for Suggestions on How to Use This Service 


Want More 
Information? 
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JOHN A, ¢ AMPBELL, Director, Reader Service 
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electrical Manufacturing, eature Editorial 

Articles 

1250 Sixth Avenue. SEW YORK 20, N. 
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PATENTS PENDING 





What are your power drive requirements? Here 
at Master, with the widest selection in the nation 
to choose from, you're sure to fill your needs 
quickest and _ best 
Need something special in gear reduction 

electric brakes-— variable speed operation — fluid 
drive or special mounting? Or would some of 
our standard models (1l% to 400 H.P.) fill the 
bill? You'll find the answer here! And remember 
all Master components are engineered to form 
combinations of units in one streamlined, com 
pact package of efficiency. Name your need and 
the name that fills it is Master. for greater sal 
ability of motor driven products; for increased 
productivity of plant equipment 


Motor Ratings '%4 to 400 H.-P. All phases 


quencies 


voltages and fre- 

Motor Types | Squirrel cage, slip ring, synchronous, repul 
sion-start induction, capacitor, direct current 

Construction Open, enclosed, splash-proof, fan-cooled, ex- 
plosion-proof, special purpose 

Speeds Single speed, multi-speed, and variable speed, 

Installation Horizontal or vertical, with or without flanges 
and other features 

Power Drive Electric brakes (2 types) 5 types of gear 

Features reduction up to 432 to 1 ratio. Mechanically 
and electronically controlled variable speed 
units—fluid drives—every type of mounting. 


THE ELECTRIC COMPANY 
DAYTON 1, OHIO 
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Unibrake Motors 


Standard Motors— '/, to 400 H.P 
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Two types of Krueger and 
Hudepohl clips, and strips 
showing progressive stages 


in fabrication 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N.Y. 


Mills: Baltimore, Md.; Brooklyn, N. Y.; Chicago, Clinton and 
Joliet, Ul; Detroit, Mich.; Los Angeles and River ide, Calif 
New Bedford, Mass.; Newport, Ark.; Rome, N.Y 
Sales Offices in Principal Cities, Distributors Everywhere 


The Revere Four-Way Service’ is a 16mm sound motion picture in color, interest 


ing and informative. If you would like to see it, write nearest Revere Sales Office 


Spring quality of 


PHOSPHOR BRONZE 


makes solderless 
connections possible 


It is not always the case that solder has to be used to 
make good electrical connections. Often phosphor 
bronze clips can be used, tightness being achieved 
through the hard-gripping spring quality of this 
metal. Take the clips made by Krueger and Hudepohl, 
Inc., Cincinnati 2, Ohio. This company uses Grade A 
5°o Revere Phosphor Bronze to make its connections 
for refrigerators, and for submersible pumps and 
hydraulic control units. Such services require not 
only tight permanent connections, but the ability to 
withstand severe temperature variations, as well as 
vibration. Revere Phosphor Bronze meets the needs 
perfectly. In developing this application, the Revere 
Technical Advisory Service collaborated closely with 
the customer on the important matter of temper re 
quired both for fabrication and end use. Krueger and 
Hudepohl report no rejects. The metal is supplied in 
the form of strip, one inch wide, and in very long 
coils, so that down time for coil set-up on each pro 
gressive die machine is minimized. Send for your free 
copy of “Revere Phosphor Bronze,’ which provides 


details about qualities, per formance, and appli ations 





